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NOVEL TARGETED COMPOSITIONS ^ 
FOR DIAGNOSTIC AND THERAPEUTIC USE . 

Cross-Reference to Related Applications 

This application is a continuation-in-part of U.S. application Serial No. 
5 10/055,772, filed January 23, 2002, which is a continuation-in-part of U.S. application Serial No. 

09/699,679, filed October 30, 2000. This application is also a continuation-in-part of U.S. 
application Serial No. 09/496,761, filed February 3, 2000, which is a divisional of U.S. 
application Serial No. 08/851,780, filed May 6, 1997, now U.S. Patent No. 6,090,800. The 
disclosures of each of the foregoing applications are hereby incorporated herein by reference, in 
10 their entireties. 

Field of the Invention 

The present invention relates to novel targeted compositions and the use 
thereof. More particularly, the present invention relates to novel compounds and targeted 
compositions comprising those compounds, and methods for using those compositions for 
IS diagnostic imaging and/or for the administration of bioactive agents. 

Background of the Invention 

A variety of imaging techniques have been used to diagnose diseases. 
Included among these imaging techniques is X-ray imaging. In X-rays, the images produced 
reflect the different densities of stractures and tissue in the body of the patient. To improve the 
20 diagnostic usefiilness of this imaging technique, contrast agents may be employed to increase the 

density of tissues of interest relative to surrounding tissues. Examples of such contrast agents 
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include, for example, barium and iodinated compounds, which may be used for X-ray studies of 
the gastrointestinal region, including the esophagus, stomach, intestines and rectum. Contrast 
agents may also be used for computed tomography (CT) and computer assisted tomography 
(CAT) studies to improve visuaUzation of tissue of interest, for example, the gastrointestinal 
tract 

Magnetic resonance inoaging (MRI) is another imaging technique which, 
unlike X-rays, does not involve ionizfaig radiation. MRI may be used for producing cross- 
sectional images of the body in a variety of scanning planes such as, for example, axial, coronal, 
sagittal or orthogonal. MRI employs a magnetic field, radio firequency energy and magnetic field 
gradients to make images of the body. The contrast or signal intensity differences between 
tissues mainly reflect the Tl (longitudinal) and T2 (transverse) relaxation values and the proton 
density, which generally corresponds to the firee water content, of the tissues. To change the 
signal intensity m a region of a patient by the use of a contrast medium, several possible 
approaches are available. For example, a contrast medium may be designed to change either the 
Tl, the T2 or the proton density. 

Generally speaking, MRI requires the use of contrast agents. If MRI is 
performed without employing a contrast agent, differentiation of the tissue of interest from the 
suiroundmg tissues in the resulting unage may be difficult. In the past, attention has focused 
primarily on paramagnetic contrast agents for MRI. Paramagnetic contrast agents involve 
materials which contain unpaired electrons. The uiq)aired electrons act as small magnets within 
the main magnetic field to increase the rate of longitudinal (Tl) and transverse (T2) relaxation. 
Paramagnetic contrast agents typically comprise metal ions, for example, transition metal ions, 
which provide a source of unpaired electrons. However, these metal ions are also generally 
highly toxic. In an effort to decrease toxicity, the metal ions are typically chelated with Ugands. 

Metal oxides, most notably iron oxides, have also been employed as MRI 
contrast agents. While small particles of iron oxide, for example, particles having a diameter of 
less than about 20 nm, may have desirable paramagnetic relaxation properties, their predominant 
effect is through bulk susceptibility. Nitroxides are another class of MRI contrast agent which 
are also paramagnetic. These have relatively low relaxivity and are generally less effective than 
paramagnetic ions. 
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The existing MRI contrast agents suffer fiom a numbra: of limitations. For 
example, increased image noise may be associated with certain contrast agents, including 
contrast agents involving chelated metals. This noise gaierally arises out of intrinsic peristaltic 
motions and motions from respiration or cardiovascular action. In addition, the signal intensity 
for contrast agents generally depends upon the concentration of the agent as well as the pulse 
sequence employed. Absorption of contrast agents can complicate interpretation of the images, 
particularly in the distal portion of tiie small intestine, unless sufficientiy high concentrations of 
the paramagnetic species are used. See. e.g., Kommesser et al.. Magnetic Resonance Imaging, 
6:124(1988). 

Other contrast agents may be less sensitive to variations in pulse sequence 
and may provide more consistent contrast. However, high concentrations of particulates, such as 
ferrites, can cause magnetic susceptibility artifacts which are particularly evident, for example, in 
the colon where the absorption of intestinal fluid occurs and the superparamagnetic material may 
be concentrated. 

Toxicity is another problem which is generally associated with currentiy 
available contrast agents, including contrast agents for MRI. For example, fenites often cause 
symptoms of nausea after oral administration, as well as flatulence and a transient rise in serum 
iron. The gadolinium ion, which is complexed in Gd-DTPA, is highly toxic in free forin. The 
various environments of the gastrointestinal tract, mcluding increased acidity (lower pH) in the 
stomach and increased alkalinity (higher pH) in tiie intestines, may increase the Ukelihood of 
decoupling and separation of the free ion from the complex. 

Ultrasound is another valuable diagnostic imaging technique for studying 
various areas of the body, including, for example, the vasculature, such as tissue 
microvasculature. Ultrasound provides certain advantages over other diagnostic techniques. For 
example, diagnostic techniques involving nuclear medicine and X-rays generally involves 
e3q)0sure of the patient to ionizing electron radiation. Such radiation can cause damage to 
subcellular material, including deoxyribonucleic acid (DNA), ribonucleic acid (RNA) and 
protdns. Ultrasound does not involve such potentially damaging radiation. In addition, 
ultrasound is relatively inexpensive relative to other diagnostic techniques, including CT and 
MRI, which require elaborate and expensive equipment. 
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Ultrasound involves the e3q)osure of a patient to sound waves. Gaierally, 
the sound waves dissipate due to absorption by body tissue, penetrate through the tissue or reflect 
off of the tissue. The reflection of sound waves off of tissue, generaUy referred to as backscatter 
or reflectivity, forms the basis for developing an ultrasound image. In this connection, sound 
waves reflect differentially fixwn different body tissues. This differential reflection is due to 
various fectors, including the constituents and the density of the particular tissue being observed. 
Ultrasound involves the detection of the differentially reflected waves, generally with a 
transducer that can detect sound waves having a frequency of one megahertz (MHZ) to ten MHZ. 
The detected waves can be integrated into an image which is quantitated and the quantitated 
waves converted into an image of the tissue being studied. 

As with the diagnostic techniques discussed above, ultrasoimd also 
generaUy involves the use of contrast agents. Exemplary contrast agents include, for example, 
suspensions of solid particles, emulsified liquid droplets, and gas-filled bubbles. See. e.g.y 
Hilmann et al., U.S. Patent No. 4,466,442, and published International Patent Applications WO 
92/17212 and WO 92/21382. Widder et al., published application EP-A-0 324 938, discloses 
stabilized microbubble-type ultrasonic imaging agents produced fix)m heat-denaturable 
biocompatible protein, for example, albumin, hemoglobin, and collagen. 

The quality of images produced from ultrasoimd has improved 
significantly. Nevertheless, further improvement is needed, particularly with respect to images 
involving vasculature in tissues that are perfiised with a vascular blood supply. Accordingly, 
there is a need for improved ultrasound techniques, including improved contrast agents which are 
capable of providing medically useful images of the vasculature and vascular-related organs. 

The reflection of sound firam a liquid-gas interface is extremely efficient. 
Accordingly, bubbles, including gas-filled bubbles, are useful as contrast agents. The term 
"bubbles", as used herein, refers to vesicles which are generally characterized by the presence of 
one or more membranes or walls surrounding an internal void that is filled with a gas or 
precursor thereto. Exemplary bubbles include, for example, liposomes, micelles and the like. As 
discussed more fiilly hereinafter, the effectiveness of bubbles as contrast agents depends upon 
various factors, including, for example, the size and/or elasticity of the bubble. 

With respect to the effect of bubble size, the following discussion is 
provided. As known to the skilled artisan, the signal which is reflected off of a bubble is a 
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function of the radius (r*) of the bubble (Rayleigh Scatterer). Thus, in the frequency range of 
diagnostic ultiasound, a bubble having a diameter of 4 micrometer (^m) possesses about 64 
times the scattering ability of a bubble having a diameter of 2 nm. Thus, generally speaking, the 
larger the bubblej the greats the reflected signal. 

However, bubble size is limited by the diameta: of c^illaries through 
which the bubbles must pass. Generally, contrast agents which comprise bubbles having a 
diameter of greater than 10 Kim can be dangerous since microvessek may be occluded. 
Accordingly, it is desired that greater than about 99% of the bubbles in a contrast agent have a 
diameter of less than 10 ^m. Mean bubble diameter is important also, and should be greater than 
1 Jim, with greater than 2 nm being preferred. The volume weighted mean diameter of the 
bubbles should be about 7 to 1 0 micrometer. 

The elasticity of bubbles is also important. This is because highly elastic 
bubbles can deform, as necessary, to "squeeze" through capillaries and/or to permit the flow of 
blood around the bubbles. This decreases the likelihood of occlusion. The effectiveness of a 
contrast agent which comprises bubbles is also dependent on the bubble concentration. 
Generally, the higher tiie bubble concentration, the greater the reflectivity of the contrast agent. 

Another important characteristic which is related to the effectiveness of 
bubbles as contrast agents is bubble stabiUty. As used herein, particularly with reference to gas- 
filled bubbles, "bubble stabiUty" refers to the ability of bubbles to retain gas entrapped therein 
after exposure to a pressure greater than atnospheric pressure. To be effective as contrast agents, 
bubbles gmerally need to retain greater than 50% of entrapped gas after exposure to pressure of 
300 millimeters (mm) of mercury (Hg) for about one minute. Particularly effective bubbles 
retain 75% of the entrapped gas after being ejq)osed for one minute to a pressure of 300 mm Hg, 
with an entrapped gas content of 90% providing especially effective contrast agents. It is also 
highly desirable that, after release of tiie pressure, the bubbles return to flieur original size. This 
is referred to generally as "bubble resilience." 

Bubbles which lack desirable stability provide poor contrast agents. If, for 
example, bubbles release the gas entiapped therein m vivo, reflectivity is diminished. Similarly, 
the size of bubbles which possess poor resilience wiU be decreased in vivo, also resulting in 
diminished reflectivity. 
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The Stability of bubbles disclosed in the prior art is generally inadequate for 
use as contrast agents. For example, the prior art discloses bubbles, including gas-filled 
liposomes, which comprise Upid-containing walls or membranes. See, e.g., Ryan et al., U.S. 
Patent Nos. 4,900,540 and 4,544,545; Tickner et al., U.S. Patent No. 4,276,885; Klaveness et al., 
WO 93/13809 and Schneider et al., EPO 0 554 213 and WO 91/15244. Lanza et al., WO 
93/20802 discloses acoustically reflective oligolamellar liposomes, which are multilamellar 
Uposomes with increased aqueous space between bilayers or have Uposomes nested within 
bilayers in a nonconcentric fashio"n, and thus contain internally separated bilayers. Their use as 
ultrasonic contrast agents to enhance ultrasonic imagmg, and in monitoring a drug deUvered in a 
Uposome administered to a patient, is also described. D'Arrigo, U.S. Patent Nos. 4,684,479 and 
5,215,680 disclose gas-in-Uquid emulsions and lipid-coated miorobubbles, respectively. 

Many of the bubbles disclosed in the prior art have undesirably poor 
stabihty. Thus, the prior art bubbles are more likely to rupture in vivo resulting, for example, in 
the untimely release of any therapeutic and/or diagnostic ^ent contained therein. Various 
studies have been conducted in an attempt to improve bubble stabihty. Such studies have 
included, for example, the preparation of bubbles in which the membranes or walls thereof 
comprise protems, such as albumin, or materials which are apparently strengthened via 
crosshnking. See. e.g., Klaveness et al., WO 92/17212, in which there are disclosed bubbles 
which comprise proteins crossUnked with biodegradable crosslinking agents. A presentation was 
made by Moseley et al., at a 1991 N^a, Cahfomia meeting of the Society for Magnetic 
Resonance in Medicine, which is summarized in an abstract entitled "Microbubbles: A Novel 
MR SusceptibiUty Contrast Agent" The microbubbles described by Moseley et al. comprise air 
coated with a shell of human albumin. Alternatively, bubble membranes can comprise 
compounds which are not proteins but which are crosshnked with biocompatible compounds. 
See. e.g., Klaveness et al., WO 92/17436, WO 93/17718 and WO 92/21382. 

Prior art techniques for stabilizing bubbles, including the use of proteins in 
the outer membrane or crosshnking of the membrane components, suffer from various 
drawbacks. For example, the crosshnking described above generally involves the use of new 
materials, including crossUnked protems or other compounds, for which the metabohc fate is 
unknown. In addition, crosshnking requires additional chemical process steps, including 
isolation and purification of the crosshnked conq)ounds. Moreover, the use in bubble 
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membranes of proteins, such as albumin, and crosslinking of the bubble membrane components, 
can impart rigidity to the walls of the bubbles. This results in bubbles having reduced elasticity 
and, therefore, a decreased abiUty to deform and pass through capillaries. Thus, there is a greater 
likelihood of occlusion of vessels with prior art contrast agents that involve proteins and/or 
oxjsslinking. 

Vascular plaque is a primary indicator associated with vascular blockages 
which may cause heart attacks, stroke and other vascular diseases. Plaque may be the single 
most important cause of disease in the industrialized world. Investigations on the molecular 
characterization of plaque continue to be the focal point for the development of therapeutic 
strategies for treating vascular disease. 

So called "scavenger receptors" expressed on macrophages take up 
Upoproteins, particulary LDL. Macrophages containing phagocytosed hpoproteins resemble and 
are closely related to the foam cells associated with atherosclerotic lesions. Of the known 
scavenger receptors in the Uterature, at least one, SR-PSOX, has afShity for Ugands composed of 
phosphoserine or a closely related analog. Receptor-mediated endocytosis of oxidized low 
density Upoprotein (Ox-LDL) by macrophages and the subsequent foam cell transformation in 
the arterial endotheUum characterize the early stages of atherosclerosis. A macrophage cell- 
surface receptor for Ox-LDL, designated (SR-PSOX), which functions as a receptor for 
phosphatidylserine has been identified (Minami, et al., Arterioscler. Thromb. Vase. Biol. (2001) 
21:1796-1800.) This receptor was shown to be prominent in atherosclerotic lesions but not in 
normal endotheUum. 

The incorporation of phosphoserine and phosphatidylserine into liposomes 
and microbubbles has been reported in the Uterature. For example, accordmg to Lindner, et al., 
(Circulation (2000) 102:2745-2750), the incorporation of phosphatidylserine into the shells of 
microbubbles may enhance attachment to leukocytes within venules by ampUfying complement 
activation and thereby allow ultrasound imaging of inflaimnation. 

Plaques also contain Upids and rapidly accumulate macrophages as a cell- 
mediated endocytotic response by the body to tiie lesion. Therefore, a targeted ther^eutic agent 
that may be biocompatible with plaque Upids and designed to be endocytosed by the 
macrophages may advantageously provide for the deUvery of ther^eutic agents to the plaque. 
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for example, antithrombotics and clot dissolution agents, as well as provide a target for 

mechanical disruption of the plaque. 

Various other receptors have been associated with the surfaces of 
atherosclerotic plaques and are amenable to targetmg either for diagnostic or therapeutic 
purposes. Platelet-activating growth factor receptor (PAF-R) and platelet derived growth factor 
(PDGF) receptor expression is modulated by cytokines and Upoprotein levels. Symptoms of 
stenosis have been correlated with the expression of the latter on plaques. Elastin-laminin 
receptor, angiotensin n and alphas-beta, or alphas-betas have also been correlated with 
atherosclerosis. 

Monocyte and macrophage homing responses are additional aspects of 
plaque formation that have been exploited. In this regard, Uposomes coated with fibronectin 
have been shown to be phagocytosed more readily by plaque-associated macrophages than non- 
coated Uposomes. Endothelin-A receptor antagonists interfere with monocyte and macrophage 
homing, implying a role for endothelin as a plaque targeting Ugand. 

Bioactive agents effective in interfering with the progression of events 
leading to the maturation of vascular plaques, particularly the statins, HMGCoA reductase 
inhibitors, have been shown to act both to decrease the cholesterol content of LDL and to modify 
characteristics of the arterial wall endotheUum. DeUvery of statins to the site of vascular plaques 
would, therefore, be highly therapeutically valuable therapeutically. 

Accordingly, new and/or better stabiUzed contrast agents and methods 
involving same, and new and/or improved methods for deUvering bioactive agents to specific 
regions of interest, are needed. The present invention is directed to these, as weU as other, 
important ends. 

Siimmarv of the Invention 

The present mvention is directed, in part, to improved contrast agents and 
methods for enhancing the deUvery of bioactive agents. Specifically, in one embodiment, there 
is provided a method for providing an unage of an internal region of a patient having a vascular 
plaque, wherein the method comprises (i) administering to the patient a contrast agent 
comprising, in an aqueous carrier, targeted vesicles formulated firom a Upid or protein, a gas or 
gaseous precursor, a targeting Ugand, and optionally, an oil, wherein said targeting Ugand targets 
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cells or receptors associated with vascular plaque and comprises an acid moiety; and (ii) 
scanning the patient using ultrasound to obtain a visible image of the region. 

Another embodiment of the invention relates to a method for diagnosing the 
presence of a vascular plaque in a patient, wherein the method comprises (i) administering to the 
patient a contrast agent comprising, in an aqueous carrier, targeted vesicles formulated from a 
lipid or protein, a gas or gaseous precursor, a targeting ligand, and optionally, an oil, wherein 
said targeting ligand targets cells or receptors associated with vascular plaque and comprises an 
acid moiety; and (ii) scanning the patient using ultrasound to obtain a visible image of any 
plaque in the patient. 

Yet another embodiment of the invention relates to a method for the 
therapeutic delivery in vivo of a bioactive agent to a region in a patient having a vascular plaque, 
wherein the method comprises administering to a patient a therapeutically effective amount of a 
formulation comprising, m combination with a bioactive agent, a composition which comprises 
vesicles formulated from a lipid or protein, a gas or gaseous precursor, a targeting ligand, and 
optionally, an oil, wherein said targeting ligand targets cells or receptors associated with vascular 
plaque and comprises an acid moiety. 

Still another embodiment of the invention relates to a method of dissolving 
plaque in a blood vessel comprising (i) administering to a patient, by intravraous injection, a 
targeted vesicle composition comprising vesicles formulated from a lipid or protein, a gas or 
gaseous precursor, a targeting ligand, and optionally, an oil, wherein said targeting ligand targets 
cells or receptors associated with vascular plaque and comprises an acid moiety; (ii) scanning 
said patient with diagnostic imaging to visualize said plaque; and (iii) applying ultrasonic energy 
to said plaque. 

Another embodunmt of the invOTtion relates to a method for providing an 
image of an intemal region of a patient having a vascular plaque, wherein the metiiod comprises 
(i) administering to the patient a contrast agent comprising, in an aqueous carrier, targeted 
vesicles formulated from a lipid or polymer, a gas or gaseous precursor, a targeting ligand, and 
optionally, an oil, wherein said targeting ligand targets cells or recq)tors associated with vascular 
plaque and comprises a phosphorylated serine moiety; and (ii) scanning the patient using 
ultrasound to obtain a visible image of the region. 
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Yet another embodiment of the invention relates to a method for diagnosing 
the presOTce of a vascular plaque in a patient, wherein the method comprises (i) administering to 
the patient a contrast agent comprising, in an aqueous carrier, targeted vesicles formulated from a 
Upid or polymer, a gas or gaseous precursor, a targeting Ugand, and optionally, an oil, wherein 
said targeting ligand targets cells or receptors associated with vascular plaque and comprises a 
phosphorylated serine moiety; and (ii) scanning the patient using ultrasoimd to obtain a visible 
image of any plaque in the patient 

Still another embodiment of the invention relates to a method for the 
therapeutic delivery in vivo of a bioactive agent to a region in a patient having a vascular plaque, 
wherein the method comprises administering to a patient a therapeutically effective amount of a 
formulation comprising, in combination with a bioactive agent, a composition which comprises 
vesicles formulated from a Upid or polymer, a gas or gaseous precursor, a targeting Ugand, and 
optionaUy, an oil, wherein said targeting Ugand targets cells or receptors associated with vascular 
plaque and comprises a phosphorylated serine moiety. 

Another embodiment of the invention relates to a composition for use in 
targeting an internal region of a patient having vascular plaque, wherein the composition 
comprises vesicles formulated from a lipid or protein, a gas or gaseous precursor, a targeting 
Ugand, and optionaUy, an oil, wherein said targeting ligand targets cells or receptors associated 
with vascular plaque and comprises an acid moiety. 

Yet another embodiment of the invention relates to a composition for use in 
targeting an intemal region of a patient having vascular plaque, wherein the composition 
comprises vesicles formulated from a Upid or polymer, a gas or gaseous precursor, a targeting 
Ugand, and optionally, an oil, wherein said targeting Ugand targets cells or receptors associated 
with vascular plaque and comprises a phosphorylated serine moiety. 

StiU another embodiment of the invration relates to a formulation for 
therapeutic or diagnostic use in a patient having a vascular plaque, wherein the formulation 
comprises, in combination with a bioactive agent, a composition comprising vesicles formulated 
from a Upid or protein, a gas or gaseous precursor, a targeting Ugand, and optionaUy, an oil, 
wherein said targeting Ugand targets ceUs or receptors associated with vascular plaque and 
comprises an acid moiety. 
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Another embodiment of flie inventipn relates to a formulation for 
therapeutic or diagnostic use in a patient having a vascular plaque, wherem the formulation 
comprises, in combination with a bioactive agent, a composition comprising vesicles formulated 
from a lipid or polymer, a gas or gaseous precursor, a targeting ligand, and optionally, an oil, 
wherein said targeting ligand targets cells or receptors associated with vascular plaque and 
comprises aphosphorylated serine moiety. 

Yet another embodiment of the invention relates to a process for the 
preparation of a composition for use in targeting a region in a patient havmg a vascular plaque, 
wherein the process comprises combining together a Upid or protein, a gas or gaseous precursor, 
a targeting Ugand, and optionally, an oil, wherein said targeting Ugand targets cells or receptors 
associated with vascular plaque and comprises an acid moiety. 

Still another -embodiment a process for the preparation of a composition for 
use in targeting a region in a patient having a vascular plaque, wherein the process comprises 
combining together a lipid or polymer, a gas or gaseous precursor, a targeting ligand, and 
optionally, an oil, wherein said targeting ligand targets cells or receptors associated with vascular 
plaque and comprises a phosphorylated serine moiety. 

Another embodiment of the iuvention relates to a process for the 
preparation of a formulation for therapeutic or diagnostic use in a patient having a vascular 
plaque, wherein the process comprises combiniag together a bioactive agent, a lipid or protein, a 
gas or gaseous precursor, a targeting ligand, and optionally, an oil, wherein said targeting ligand 
targets cells or receptors associated with vascular plaque and comprises an acid moiety. 

Yet another embodiment of the iavention relates to a process for the 
prq)aration of a formulation for therapeutic or diagnostic use in a patient having a vascular 
plaque, wherein the process comprises combining together a bioactive agent, a lipid or polymer, 
a gas or gaseous precursor, a targeting ligand, and optionally, an oil, wherein said targeting 
ligand targets cells or receptors associated with vascular plaque and comprises a phosphorylated 
serine moiety. 

These and other aspects of the invention will become more apparent ftom 
the following detailed description- 
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Detailed Descriptioii of the Inventioii 

As employed above and throughout the disclosure, the following terms, 
unless otherwise indicated, shall be understood to have the following meanings. 

"Lipid" refers to a synthetic or naturally-occurring compound which is 
generally amphipathic and biocompatible. The lipids typically comprise a hydrophilic 
component and a hydrophobic component. Exemplary lipids include, for example, fatty acids, 
neutral fats, phosphatides, glycolipids, sur&ce-active agents (surfactants), aliphatic alcohols, 
waxes, terpenes and steroids. In certain preferred embodiments, the Upids which may be 
incorporated in the compositions described herein contain no sulfhydiyl groups or disuljSde 
linkages. 

"Lipid composition" refers to a composition which comprises a lipid 
compound, typically in an aqueous medium. Exemplaiy Upid compositions include suspensions, 
emulsions and vesicle compositions. 

"Lipid formulation" refers to a Upid composition which also comprises a 

bioactive agent. 

"Vesicle" refers to a spherical entity which is getierally characterized by the 
presence of one or more walls or membranes which fomi one or more internal voids. Vesicles 
may be formulated, for example, from lipids, including the various lipids described herein, 
proteinaceous materials, or polymeric materials, including natural, synthetic and semi-synthetic 
polymers. Preferred vesicles are those which comprise walls or membranes formulated fix>m 
lipids. In these preferred vesicles, the hpids may be in the form of a monolayer or bilayer, and 
the mono- or bilayer lipids may be used to form one or more mono- or bilayers. In the case of 
more than one mono- or bilayer, the mono- or bilayers may be concentric. Lipids may be used to 
form a unilamellar vesicle (comprised of one monolayer or bilayer), an oligolamellar vesicle 
(comprised of about two or about three monolayers or bilayers) or a multilamellar vesicle 
(comprised of more than about three monolayCTS or bilayers). Similarly, the vesicles prepared 
from proteins or polymers may comprise one or more concentric walls or membranes. The walls 
or membranes of vesicles prepared from proteins or polymers may be substantially solid 
(uniform), or they may be porous or semi-pourous. In certain preferred CTibodiments, the 
vesicles contain no sulfhydryl groups or disulfide linkages. The vesicles described herein 
include such entities commonly referred to as, for example, liposomes, lipospheres, micelles. 
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bubbles, microbubbles, microspheres, lipid-, polymer- and/or protein-coated bubbles, 
microbubbles and/or microspheres, microballoons, aerogels, clathrate bound vesicles, and the 
like. The internal void of the vesicles may be filled with or encapsulate a liquid (including, for 
example, an aqueous liquid or an oil), a gas, a gaseous precursor, and/or a solid or solute 
material, including, for example, a targeting ligand and/or a bioactive agent, as desired. 

"Liposome" refers to a generally q)herical cluster or aggregate of 
amphipathic compounds, including lipid compounds, typically in the form of one or more 
concentric layers, for example, monolayers and/or bilayers. They may also be referred to herein 
as lipid vesicles. The liposomes may be formulated, for example, from ionic lipids and/or non- 
ionic Upids, Liposomes which are formulated firom non-ionic Upids may also be referred to as 
"niosomes." 

"Liposphere" refers to an entity comprising a Uquid or solid oil surrounded 
by one or more walls or membranes. 

"Micelle" refers to colloidal entities formulated fix)m lipids. In certain 
preferred embodiments, the micelles comprise a monolayer or hexagonal H2 phase 
configuration. Jn other preferred embodiments, the micelles may comprise a bilayer 
configuration. 

"Aerogel" refers to generally spherical entities which are characterized by a 
pluraUty of small internal voids. The aerogels may be formulated firom synthetic materials (for 
example, a foam prepared fix>m baking resorcinol and formaldehyde), as well as natural 
materials, such as polysaccharides or proteins. 

"Clathrate" refers to a solid, semi-porous or porous particle which may be 
associated with vesicles. In preferred form, the clathrates may form a cage-like structure 
containing cavities which comprise the vesicles. One or more vesicles may be bound to the 
clathrate. A stabilizing material may, if desired, be associated with the clathrate to promote the 
association of the vesicle with the clathrate. Suitable materials from which clathrates may be 
formulated include, for example, porous apatites, such as calcium hydroxyapatite, and 
precipitates of polymers and metal ions, such as alginic acid precipitated with calcium salts. 

The vesicles of the present invention preferably contain a gas or gaseous 
precursor. "Gas filled vesicle" refers to vesicles in which there is encapsulated a gas. "Gaseous 
precursor filled vesicle" refers to vesicles in which there is encapsulated a gaseous precursor. 
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The vesicles may be minimally, partially or substantially completely filled wifli tibie gas and/or 
gaseous precursor. In certain preferred embodiments, the vesicles may be substantially or 
completely filled with the gas and/or gaseous precursor. The term "substantially", as used in 
reference to the gas and/or gaseous precursor filled vesicles, means that greater than about 50% 
of the intemal void volume of the vesicle consists of a gas. Preferably, greater than about 60% 
of the intemal void of the substantially filled vesicles consists of a gas, with greater tiian about 
70% being more preferred. Even more preferably, greater tiian about 80% of flie intemal void of 
the substantially filled vesicles consists of a gas, with greater than about 90% being still more 
preferred. In particularly preferred embodiments, greater than about 95% of the intemal void of 
the vesicles consists of a gas, with about 100% being especially preferred. Although not 
considered a preferred embodiment of the present invention, the vesicles may also contain, if 
desired, no or substantially no gas or gaseous precursor. 

"Vesicle composition" refers to a composition, typically in an aqueous 
medium, which comprises vesicles. 

"Vesicle formulation" refers to a vesicle composition which also comprises 
a bioactive agent. Suitable vesicles or vesicle species for use in vesicle formulations include, for 
example, gas filled vesicles and gaseous precursor filled vesicles. 

"Emulsion" refers to a lipoidal mixture of two or more liquids and is 
generally ia the form of a colloid. The lipids may be heterogeneously dispersed throughout the 
emulsion. Alternatively, the lipids may be aggregated in the form of, for example, clusters or 
layers, including mono- or bilayers. 

"Suspension" refers to a mixture of finely divided liquid or solid particles 
floating in a liquid which can remain stable for extended periods of time. 

"Hexagonal H n phase structure" refers to a generally tubular aggregation 
of lipids in liquid media, for example, aqueous media, in which the hydrophihc portion(s) of the 
lipids generally face inwardly in association with a liquid environment inside the tube. The 
hydrophobic portion(s) of the lipids generally radiate outwardly and the complex assumes the 
shape of a hexagonal tube. A plurality of tubes is generally packed together in flie hexagonal 
phase structure. 

"Patient" refers to animals, including mammals, preferably humans. 
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The phrases "internal region of a patient" and "region of interest" refer to 
the entire patient or to a particular area or portion of the patirat Internal regions of a patient and 
regions of interest may include, for example, areas being imaged with diagnostic imaging and/or 
areas being treated with a bioactive agent. Exemplary of such areas include, for example, the 
heart region, including myocardial tissue, as well as other bodily tissues, including the 
vasculature and circulatory system and cancerous tissue. The phrase "vasculature," as used 
herein, denotes the blood vessels in the body or in an organ or part of the body. 

"Bioactive agent" refers to a substance which may be used in connection 
with an application that is therq)eutic or diagnostic in nature, such as in mefliods for diagnosing 
the presence or absence of a disease in a patient and/or in methods for ttie treatment of disease in 
a patient. As used herein, "bioactive agent" refers also to substances which are capable of 
exerting a biological effect in vitro and/or in vivo. The bioactive agents may be neutral or 
positively or negatively charged. Examples of suitable bioactive agents include diagnostic 
agents, pharmaceuticals, drugs, synthetic organic molecules, proteins, peptides, vitamins, 
steroids and genetic material, including nucleosides, nucleotides and polynucleotides. 

"Diagnostic agent" refers to any agent which may be used in connection 
with methods for imaging an internal region of a patient and/or diagnosing the presence or 
absence of a disease in a patient. Exemplary diagnostic agents include, for example, contrast 
agents for use in connection with ultrasound, magnetic resonance imaging or computed 
tomography of a patient including, for example, the lipid and/or vesicle compositions described 
herein. 

"Polymer", as used herein, refers to molecules formed from the chemical 
union of two or more repeating units. Accordmgly, included within tiie term "polymer" may be, 
for example, dimers, truners and oligomers. The polymer may be synthetic, naturally-occurring 
or semisynthetic. In preferred form, the term "polymer" refers to molecules which comprise 10 
or more repeating units. In certain preferred embodiments, the polymers which may be 
incorporated in the compositions described herein contain no sulfhydiyl groups or disulfide 
linkages. 

"Thickening agent" refers to any of a variety of generally hydrophilic 
materials which, when incorporated in the lipid and/or vesicle compositions described herein, 
may act as viscosity modifying agents, emulsifying and/or solubilizing agents, suspending 
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agents, and tonicity raising agents. It is contraiplated that the ttiickening agents may be capable 
of aiding in maintaining the stability of the compositions due to such properties. 

"Dispersing agent" refers to a siuface-active agent which, when added to a 
suspending medium of colloidal particles, includmg, for example, certain of the Upid and/or 
vesicle compositions described herein, may promote uniform separation of particles. In certain 
preferred embodiments, the dispersing agent may comprise a polymeric siloxane compoxmd. 

"Genetic material" refers geuCTally to nucleotides and polynucleotides, 
mcluding deoxyribonucleic acid (DNA) and ribonucleic acid (RNA). The genetic material may 
be made by synthetic chemical methodology known to one of ordinary skill in the art, or by the 
use of recombinant technology, or by a combination of the two. The DNA and RNA may 
optionally comprise unnatural nucleotides and may be single or double stranded. "Genetic 
material" refers also to sense and anti-sense DNA and RNA, that is, a nucleotide sequence which 
is complementary to a specific sequence of nucleotides in DNA and/or RNA. 

"Pharmaceutical" or "drug" refers to any therapeutic or prophylactic agent 
which may be used in the treatment (including the prevention, diagnosis, alleviation, or cure) of a 
malady, affliction, disease or injury in a patient Therapeutically useful peptides, polypeptides 
and polynucleotides may be included within the meaning of the term pharmaceutical or drug. 

"Stabilizing material" refers to any material which is capable of improving 
the stability of compositions as described herein including, for example, emulsions, suspensions, 
dipersions and vesicle compositions. The improved stabiUty involves, for example, the 
maintenance of a relatively balanced condition, and may be exemplified, for example, by 
increased resistance against destruction, decomposition, degradation and the like. In the case of 
preferred embodiments involving vesicles, especially gas filled vesicles, the stabilizing 
compounds may serve to improve the stability of the vesicles, for example, by minimizing or 
substantially (including completely) preventing tiie escape of gas entrapped witiiin vesicles 
which may occur, for example, firom rupture and/or coalescence of vesicles. The term 
"substantially", as used in reference to the prevention of tiie escape of entrapped gas, means that 
greater than about 50% of the gas is maintained entrapped. Preferably, greater than about 60% of 
the gas is maintained entrq>ped, with greater than about 70% bemg more preferred. Even more 
preferably, greater than about 80% of the gas is maintained entrapped, witii greater than about 
90% bemg still more preferred. In particularly preferred embodiments, greater tiaan about 95% 
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of the gas is maintained entrapped. If desired, the gas may be completely maintained entrapped 
(i.e., about 100% of the gas is maintained entrapped). The stabilizing compomids may comprise 
discrete, individual compounds (monomers), or may comprise polymers. In the case of prefeited 
embodiments involving lipids, the stabilizing materials may be associated covalently and/or non- 
covalently with the lipid compounds. Broadly speaking, the stabilizing compounds may 
comprise, for example, surfactants, film-forming materials, membranes and/or membrane 
forming materials. Exemplary stabilizing compounds which may be employed in the methods 
and compositions of the present invention include lipids, proteins and polymers. Encompassed 
also in the definition of "stabilizing matmal" are certain of the present bioactive agents. The 
stabilizing material may be neutral or positively or negatively charged. Preferred among the 
neutral stabilizing materials are polar materials. In certain embodiments, the stabilizing 
compounds may be substantially (including completely) crosslinked. The terms "crosslink", 
crosslinked" and "crosslinking", as used herein, generally refers to the linking of two or more 
stabilizuig compounds, including lipid, protein and polymer stabilizing compounds, by one or 
more bridges. The bridges, which may be composed of one or more elements, groups or 
compounds, generally serve to join an atom fit)m a first stabilizing compoxmd molecule to an 
atom of a second stabilizmg molecule. The crosslink bridges may involve covalent and/or non- 
covalent associations. Any of a variety of elements, groups and/or compounds may form the 
bridges in the crosslinks, and the stabilizing compounds may be crosslinked naturally or through 
synthetic means. For example, crosslinking may occur in nature in materials formulated from 
peptide chains which are joined by disulfide bonds of cystine residues, as in keratins, insulin, and 
other proteins. Alternatively, crosslinking may be effected by suitable chemical modification, 
such as, for example, by combining a compound, such as a stabilizing material, and a chemical 
substance that may serve as a crosslinking agent, which are caused to react, for example, by 
exposure to heat, high-energy radiation, ultrasonic radiation, and the like. Examples include, for 
example, crosslinking with sulfiir which may be present, for example, as sulfhydryl groups in 
cysteine residues, to provide disulfide linkages, crosslinking with organic peroxides, crosslinking 
of unsaturated materials by means of high-energy radiation, crosslinking with dimethylol 
carbamate, and the like. The term "substantially", as used in reference to crosslinked stabilizing 
compounds, means that greats than about 50% of the stabilizing compounds contain 
crosslinking bridges. In certain embodiments, preferably greater than about 60% of the 
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crosslix2ked stabilizing compouads contain crossliiiking bridges, with greater than about 70% 
being more preferred. Even more prefCTably, greater than about 80% of the crosslinked 
stabilizing compounds contain crosslinking bridges, with greater than about 90% being still more 
preferred. In certain particularly preferred embodiments, greater than about 95% of the 
crosslinked stabilizing compounds contain crosslinking bridges. If desired, the substantially 
crosslinked stabilizrag compounds may be completely crosslinked (i.e., about 100% of the 
crosslinked stabilizing compounds contain crosslinking bridges). In tiie most preferred 
embodiments, the stabilizing compounds may be substantially (including completely) non- 
crosslinked. The term "substantially", as used in reference to non-crosslinked stabilizing 
compoimds, means that greater than about 50% of the stabilizing compounds are devoid of 
crosslinking bridges. Preferably, greater than about 60% of the stabilizing compounds are 
devoid of crosslinking bridges, with greater than about 70% being more preferred. Even more 
preferably, greater than about 80% of the stabilizing compounds are devoid of crosslinking 
bridges, with greater than about 90% being still more preferred. In particularly preferred 
embodiments, greater than about 95% of the stabilizing compounds are devoid of crosslinking 
bridges. If desired, the substantially non-crosslinked stabilizing compounds may be completely 
non-crosslinked (i.e., about 100% of the stabilizing compounds are devoid of crosslinking 
bridges). 

"Vesicle stability" refers to the abiUty of gas-filled vesicles to retain the gas 
entrapped therein after being exposed, for about one minute, to a pressure of about 300 mm Hg. 
Vesicle stability is measured in percent (%), this being the fraction of the amount of gas which is 
originally entrapped in the vesicle and which is retained after release of the pressure. Vesicle 
stability includes reference also to "vesicle resilience" which refers to the ability of a vesicle to 
return to its original size after release of the pressiure. 

"Covalent association" refers to an inteimolecular association or bond 
which involves the sharing of electrons in the bonding orbitals of two atoms. 

"Non-covalent association" refers to intermolecular interaction among two 
or more separate molecules which does not involve a covalent bond. IntOTnolecular interaction 
is dependent upon a variety of factors, including, for example, the polarity of the involved 
molecules, flie charge (positive or negative), if any, of the involved molecules, and the like. 
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Non-covalent associations are preferably selected from the group consisting of ionic interaction, 
dipole-dipole interaction and van der Waal's forces and combinations thereof. 

"Ionic interaction" or "electrostatic interaction" refers to interaiolecular 
interaction among two or more molecules, each of which is positively or negatively charged. 
Thus, for example, "ionic interaction" or "electrostatic interaction" refers to the attraction 
between a jHrst, positively charged molecule and a second, negatively charged molecule. 
Exemplary ionic or electrostatic interactions include, for example, the attraction between a 
negatively charged stabilizing material, for example, graetic material, and a positively charged 
Upid, for example, a cationic Upid, such as lauryltrimetiiylammonium bromide. 

"Dipole-dipole interaction" refers generally to the attraction which can 
occur among two or more polar molecules. Thus, "dipole-dipole interaction" refers to the 
attraction of the uncharged, partial positive end of a first polar molecule, commonly designated 
as 8\ to the uncharged, partial negative end of a second polar molecule, commonly designated as 
8\ Dipole-dipole interactions are exemplified, for example, by the attraction between the 
electropositive head group, for example, the choline head group, of phosphatidylcholine and an 
electronegative atom, for example, a heteroatom, such as oxygen, nitrogen or sulphur, which is 
present in a stabilizing material, such as a polysaccharide. "Dipole-dipole interaction" refers also 
to intermolecular hydrogen bonding in which a hydrogen atom serves as a bridge between 
electronegative atoms on separate molecules and in which a hydrogen atom is held to a first 
'molecule by a covalent bond and to a second molecule by electrostatic forces. 

"Van der Waal's forces" refers to the attractive forces between non-polar 
molecules that are accounted for by quantum mechanics. Van der Waal's forces are generally 
associated with momentary dipole moments which are induced by neighboring molecules and 
which involve changes in electron distribution. 

"Hydrogen bond" refers to an attractive force, or bridge, which may occur 
between a hydrogen atom which is bonded covalently to an electronegative atom, for example, 
oxygen, sulfur, nitrogen, and the like, and another electronegative atom. The hydrogen bond 
may occur between a hydrogen atom in a first molecule and an electronegative atom in a second 
molecule (intermolecular hydrogen bonding). Also, the hydrogen bond may occur between a 
hydrogen atom and an electronegative atom which are both contained in a single molecule 
(intramolecular hydrogen bonding). 
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"Hydrophilic interaction" refers to molecules or portions of molecules 
which may substantially bind with, absorb and/or dissolve in water. This may result in swelling 
and/or ttie formation of reversible gels. 

"Hydrophobic interaction" refers to molecules or portions of molecules 
which do not substantially bind with, absorb and/or dissolve in water. 

"Biocompatible" refers to materials which are graierally not injurious to 
biological functions and which wiU not result in any degree of unacceptable toxicity, including 
allergenic responses and disease states. 

"In combination with" refers, in certain embodiments, to the incorporation 
of a targeting Ugand in a composition of the present invention, including lipid compositions and 
vesicle compositions. "In combination with" may refer also to the incorporation of a bioactive 
agent in a composition of the present invention, including Upid compositions and vesicle 
compositions. The bioactive agent and/or targeting Ugand may be combined with the present 
compositions in any of a variety of ways. If desired, the bioactive agent and/or targeting Ugand 
may be associated covalently with one or more components of the present compositions such as, 
for example, Upid compounds, proteins, polymers and/or vesicles or other optional stabiUzing 
materials. Also, if desired, there may be substantially no covalent association of the bioactive 
agent and/or targeting Ugand with the other components of the present compositions such as, for 
example, the Upid compounds, proteins, polymers and/or vesicles or other optional stabiUzing 
materials. The term "substantiaUy no", as used herein in reference to the lack of covalent 
association of bioactive agent and/or targeting Ugand with other components of the compositions 
such as, for example, Upid compounds, proteins, polymers and/or vesicles, may mean that less 
than about 50% such as, for example, fiom from about 0% to less than about 50% (and aU 
specific percentages and combinations and subcombinations of ranges of percentages therein) of 
the bioactive agent and/or targeting Ugand may be covalently associated with other components 
of the compositions. Preferably, less than about 40% of the bioactive agent and/or targeting 
Ugand may be covalently associated with other components of the compositions, with less than 
about 30% being more preferred. Even more preferably, less than about 20% of the bioactive 
agent and/or targeting Ugand may be covalently associated with other components of the 
compositions, with less than about 10% being yet more preferred. In still more preferred 
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embodiments, there may be completely no {i.e.y 0%) covalent association of the bioactive agent 
and/or targeting ligand with other components of the compositions. 

Bioactive agent and/or targeting Ugand which have substantially no 
covalent association with other components of the compositions may sometimes be referred to 
herein as "unbomid" or "free" bioactive agent and/or targeting ligand. In such compositions, the 
bioactive agent and/or targeting ligand may, if desired, be associated non-covalently with other 
components of the compositions such as, for example, the lipid compounds, proteins, polymers 
and/or vesicles or other optional stabilizing materials. In addition, if desired, there may be 
substantially no non-covalent association of the imbound or free bioactive agent and/or targeting 
Ugand with other components of the compositions including, for example, lipid compounds, 
proteins, polymers and/or vesicles. The term "substantially no", as used herein in reference to 
the lack of non-covalent association of bioactive agent and/or targeting Ugand with other 
components of the compositions such as, for example, Upid compounds, proteins, polymers 
and/or vesicles, may mean that less than about 50% such as, for example, from about 0% to less 
tiian about 50% (and aU specific percentages and combinations and subcombinations of ranges of 
percentages therein) of the unbound or free bioactive agent and/or targeting Ugand may be 
associated non-covalently with other components of the compositions. Preferably, less than 
about 40% of the unbound or free bioactive agent and/or targeting Ugand may be associated non- 
covalently with other components of the compositions, with less than about 30% being more 
preferred. Even more preferably, less than about 20% of the unbound or free bioactive agent 
and/or targeting Ugand may be associated non-covalently with other components of the 
compositions, witii less than about 10% being yet more preferred. In still more preferred 
embodiments, there may be completely no 0%) non-covalent association of the unboimd or 
free bioactive agent and/or targeting Ugand with other components of the compositions. 

In the case of vesicle compositions, the bioactive agent and/or targeting 
Ugand may be entrapped within the internal void of the vesicle. The bioactive agent and/or 
targeting Ugand may also be integrated within the layer(s) or wall(s) of the vesicle, for example, 
by being interspersed among Upids which are contained within the vesicle layer(s) or wall(s). In 
addition, it is contemplated that the bioactive agent and/or targeting Ugand may be located on the 
surface of a vesicle. In any case, the bioactive agent and/or targeting Ugand may interapt 
chemically with the walls of the vesicles, including, for example, the inner and/or outer surfaces 
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of the vesicle and may remain substantially adhered thereto. Such interaction may take the form 
of, for example, covalent association or non-covalent association. In certain embodnn«its, the 
interaction may result in the stabilization of the vesicle. 

"Targeting ligand" refers to any material or substance which may promote 
targeting of tissues and/or receptors in vivo with the compositions of the present invention. The 
targeting ligand may be synflietic, semi-synflietic, or naturally-occurring. The targeting ligands 
of the present invention are advantageously capable of targeting vascular plaques. 

A '^precursor" to a targeting ligand refers to any material or substance 
which may be converted to a targeting ligand. Such conversion may involve, for example, 
anchoring a precursor to a targeting Ugand. 

"Phosphorylated serine moiety" refers to a compound radical which 
contains a serine group and an oxidized phosphorus group, as discussed in greater detail herein. 

"Peptide" refers to a nitrogenous compound which may contain from about 
2 to about 100 amino acid residues. In certain prefenred embodiments, the peptides which may 
be incorporated in the compositions described herein contain no sulfhydryl groups or disulfide 
linkages. 

"Protein" ref^s to a nitrogenous compound which may contain more than 
about 100 amino acid residues. In certam preferred embodiments, the proteins which may be 
incorporated in the compositions described herein contain no sulfhydryl groups or disulfide 
linkages. 

"Coat" or "coating" refers to the interaction of the stabilizing material with 
the lipid and/or vesicles and may involve covalent and/or non-covalent association. 

"Tissue" refers generally to specialized cells which may perform a 
particular fimction. It should be understood that the temi "tissue," as used herein, may refer to an 
individual cell or a plurality or aggregate of cells, for ra:ample, membranes or organs. The term 
"tissue" also includes reference to an abnormal cell or a plurality of abnormal cells. Exemplary 
tissues include, for example, myocardial tissue (also referred to as heart tissue or myocardium), 
including myocardial cells and cardiomyocites, membranous tissues, including endothelium and 
epithelium, laminae, connective tissue, including interstitial tissue, and tumors. 

"Receptor" refers to a molecular stmcture within a cell or on the surface of 
the cell which is generally charactOTzed by the selective binding of a specific substance. 
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Exemplary receptors include, for example, ceU-surface receptors for peptide hormones, 
neurotransmitters, antigens, complement fragments, and immunoglobulins and cytoplasmic 

receptors for steroid hormones. 

"Endothelial cells" or "endothelium" refers to an aggregate of ceUs and/or 
tissue which may be normal and/or diseased and which may comprise a single layer of flattened 
transparent endotheUal cells that may be jomed edge to edge or in an overlapping fashion to form 
a membrane. EndotheUal cells are found on the free surfaces of die serous membranes, as part of 
the lining membrane of the heart, blood vessels, and lymphatics, on the surfece of the brain and 
spinal cord, and in the anterior chamber of the eye. EndotheUum originates from the embryonic 
mesoblast and includes heart tissue, including infarcted heart tissue, cardiovasculature. the 
peripheral vasculature, such as arteries, veins, and capillaries (the location of which is noted as 
peripheral to the heart), blood clots and the region surrounding atherosclerotic plaque. 

"Epithehal cells" or "^ithelium" refers to an aggregate of cells and/or 
tissue which may be nonnal and/or diseased and which may comprise one or more layers of cells 
that may be united together by an interstitial cementitious substance supported on a basement- 
membrane. EpitheHum may be classified into various classes, mcludmg, for example, a smgle 
layer of cells (simple epitheUum); more than a single layer of cells (stratified epitheUum); and 
about three or four layers of cells that are fitted together substantially without the appearance of 
stratification. The different forms of simple epithelium are usually referred to as squamous, 
pavemmt, columnar, glandular, spheroidal and/or ciHated. EpitheUum originates from the 
embryonic epiblast or hypoblast. EpitheUum includes heart tissue, including infercted heart 
tissue, cardiovasculature, the peripheral vasculature, such as arteries, vems, and capillaries, blood 
clots and the region surrounding atherosclerotic plaque. 

"Myocardial" refers generaUy to heart tissue, includmg cardiomyocite, 
myocardial, endocardial and epicardial cells. The term "myocardial" includes reference to 
infarcted heart tissue, the cardiovasculature, the peripheral vasculature, such as arteries, veins, 
and capillaries (the location of which is noted as peripheral to the heart), blood clots, thrombi, 
and the region surrounding atherosclerotic plaque. 

"Cardiac region" refers generally to the heart and surrounding tissues, 
structures and blood vessels, mcluding the coronary arteries. 
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"Tumor cells" or "tumor" refers to an aggregate of abnormal cells and/or 
tissue which may be associated with diseased states that are characterized by uncontrolled cell 
proliferation. The disease states may involve a variety of cell types, including, for example, 
endothelial, epithelial and myocardial cells. Included among the disease states are neoplasms, 
5 cancer, leukemia and restenosis injuries. 

"Vascular plaque" refers to a generally fibrous, elevated area of intimal 
thickening in arterial walls, and is a highly characteristic lesion of advancing atherosclerosis. 
Plaques typically comprise a central core of extracellular Upid (with cholesterol crystals) and 
necrotic cell debris (also referred to as "gruel") covered by a fibromuscular layer or cap 
10 containing large numbers of smooth muscle cells, macrophages, and collagen. 

The present invention is directed, in part, to methods and compositions for 
diagnostic imaging. As discussed more fully hereinafter, the methods and compositions of the 
present invention are particularly suitable for use in connection with the diagnosis and/or 
treatment of patients suffering fix)m vascular plaque. The present invention provides, in part, 
IS methods and compositions which are advantageously adapted to target such plaques in vivo. 

This targeting enables the use of the compositions described herein, for example, in diagnostic 
imaging methods, including ultrasound imaging methods, which may thereby permit a physician 
to identify and/or confirm fiie presence of the plaque, as well as the level of risk posed to the 
patient by the plaque. 

20 In accordance with the present invention, there are provided embodiments 

involving lipid and/or vesicle compositions. Embodiments are provided which comprise lipid 
compositions comprising a lipid, a targeting Ugand which may target tissues, cells and/or 
receptors in vivo, a gas or gaseous precursor, and optionally, an oil. Embodiments are also 
provided herein which comprise vesicle compositions comprising, in an aqueous carrier, vesicles 

25 formulated firom Upids or polymers, a targeting ligand which may target tissues, cells and/or 

receptors in vivo, a gas or gaseous precursor, and optionally, an oil. In connection with lipid 
compositions, and especially lipid compositions in the form of vesicle compositions, it may be 
advantageous to prepare the hpid compositions at a temperature below the gel to liqmd 
crystalline phase transition temperature of the involved lipids. This phase transition temperature 

30 is the temperature at which a lipid bilayer will convert from a gel state to a Uquid crystalline 

state. See, for example. Chapman et al, J. Biol Chem. 1974 249, 2512-2521. 
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It is generally believed that vesicles which are prepared from lipids that 
possess higher gel state to liquid crystalliae state phase transition temperatures tend to have 
enhanced impermeability at any given temperature. See Derek Marsh, CRC Handbook of Lipid 
Bilayers (CRC Press, Boca Raton, FL 1990), at p. 139 for main chain melting transitions of 
saturated diacyl-sn-glycero-3-phosphocholines. The gel state to liquid crystalline state phase 
transition temp^atures of various lipids will be readily apparent to those skilled in the art and are 
described, for example, in Gregoriadis, ed.. Liposome Technology^ Vol. 1, 1-18 (CRC Press, 
1984). The following table lists some of the representative lipids and their phase transition 
temperatures. 



TABLE 1 

Saturated Diacyl-sn-61ycero-3-Phosphocholines: 
Main Chain Meltiiig Transition Temperatures 


Number of Carbons in Acyl 


Main Phase 
Transition 
Temperature (° C) 


1,2-(12:0) 


-1.0 


1,2-(13:0) 


13.7 


U-(14:0) 


23.5 


1,2-(15:0) 


34.5 


1,2-(16:0) 


41.4 


1,2-(17:0) 


48.2 


1,2-(18:0) 


55.1 


1,2-(19:0) 


61.8 


l,2-(20:0) 


64.5 
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TABLE 1 

Saturated Diacyl-sn-Glycero-3-PhosphoclioIines: 
Main Chain Melting Transition Temperatares 


Number of Carbons in Acyl 
Chains 


Main Phase 
Transition 
Temperature (° C) 


1,2-(21:0) 


71.1 


l,2-(22:0) 


74.0 


l,2-(23:0) 


79.5 


l,2-(24:0) 


80.1 



See, for example, Derek Marsh, CRC Handbook of Lipid Bilayers^ p. 139 (CRC Press, Boca 
Raton, FL 1990). 

It may be possible to enhance the stability of vesicles by incorporating in 
the present lipid and/or vesicle compositions at least a minor amount, for example, about 1 to 
about 10 mole percent, based on the total amount of lipid employed, of a negatively charged 
lipid. Suitable negatively charged lipids include, for example, phosphatidylserine, phosphatidic 
acid, and fatty acids. Without intending to be bound by any theory or theories of operation, it is 
contemplated that such negatively charged hpids provide added stabiUty by coimteracting the 
tendency of vesicles to rupture by fusing together. Thus, the negatively charged lipids may act to 
establish a uniform negatively charged layer on the outer surface of the vesicle, which will be 
repulsed by a similarly charged outer layer on other vesicles which are proximate thereto. In this 
way, tiie vesicles may be less prone to come into touching proximity with each other, which may 
lead to a mpture of the membrane or skin of the respective vesicles and consolidation of tiie 
contacting vesicles into a single, larger vesicle. A continuation of this process of consolidation 
will, of course, lead to significant degradation of the vesicles. 

The lipid materials used, especially in connection with vesicle 
compositions, are also preferably flexible. This means, in the context of the present invention. 
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that the vesicles can alter their shape, for example, to pass through an opening having a diameter 
that is smaller than the diameter of the vesicle. 

A wide variety of lipids are beUeved to be suitable for incorporation in the 
lipid compositions. With particular reference to vesicle compositions, for example, micelles 
and/or Uposomes, any of the materials or combinations thereof which are known to those skilled 
in the art as suitable for their preparation may be used. The Upids used may be of either natural, 
synthetic or semi-synthetic origin. As noted above, suitable Upids generally include, for 
example, fatty acids, neutral fats, phosphatides, glycoUpids, aUphatic alcohols and waxes, 
terpenes, sesquiterpenes, and steroids. 

Exemplary lipids which may be used to prepare the present Upid 
compositions included, for example, fatty acids, lysoUpids, including lysophospholipids, 
phosphocholines, such as those associated with platelet activation factors (PAF) (Avanti Polar 
Lipids, Alabaster, AL), including l-alkyl-2-acetoyl-sn-glycero 3-phosphocholines, and l-alkyl-2- 
hydroxy-sn-glycero 3-phosphocholines, which target blood clots; phosphatidylcholine with both 
saturated and unsaturated lipids, including dioleoylphosphatidylcholine; 
dimyristoylphosphatidylcholine;dipentadecanoyl-phosphatidylcholine; 
dilauroylphosphatidylcholine; dipahnitoylphosphatidylcholine (DPPC); 
distearoylphosphatidylcholine (DSPC); and diarachidonylphosphatidylchohne (DAPC); 
phosphatidylethanolamines, such as dioleoylphosphatidylethanolamine, 

dipahnitoylphosphatidylethanolamine (DPPE) and distearoylphosphatidylethanolamine (DSPE); 
phosphatidylserines; phosphatidylglycerols, including distearoylphosphatidyl-glycerol (DSPG) 
and dipahnitoyl-glycerolsuccinate (DPGS); phosphatidylinositol; sphingoUpids such as 
sphingomyeUn; sphingosines; glycoUpids such as gangUoside GMl and GM2; glucoUpids; 
sulfatides; glycosphingoUpids; phosphatidic acids, such as dipahnitoylphosphatidic acid (DPPA) 
and distearoylphosphatidic acid (DSPA); pahnitic acid; stearic acid; arachidonic acid; oleic acid; 
Upids bearing polymers, such as chitin, hyaluronic acid, polyvinylpyrroUdone or polyethylene 
glycol (PEG), also referred to herein as "pegylated Upids", with preferred Upids bearing polymers 
including DPPB-PEG (DPPE-PEG), which refers to the Upid DPPE having a PEG polymer 
attached thereto, including, for example, DPPE-PEG5000, which refers to DPPE having attached 
thereto a PEG polymer having a mean average molecular weight of about 5000; Upids bearing 
sulfonated mono-, di-, oUgo- or polysaccharides; steroids, such as for example, cholesterol. 
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cholesterol sulfate, cholesterol hemisuccinate and cholesterol amines; tocopherol hemisuccinate; 
Upids with ether and ester-linked fatty acids; polymerized Upids (a wide variety of which are well 
known in the art); diacetyl phosphate; dicetyl phosphate; stearylamine; cardiolipin; 
phospholipids with short chain fetty acids of about 6 to about 8 carbons in length; synthetic 
phosphoUpids with asymmetric acyl chains, such as, for example, one acyl chain of about 6 
carbons and another acyl chain of about 12 carbons; ceramides; non-ionic liposomes including 
niosomes such as polyoxyalkylene (e.g., polyoxyethylene) fatty acid esters, polyoxyalkylene 
(e.g., polyoxyethylene) fatty alcohols, polyoxyalkylene (e.g., polyoxyetiiylene) fatty alcohol 
ethers, polyoxyalkylene (e.g., polyoxyethylene) sorbitan fatty acid esters (such as, for example, 
the class of compounds referred to as TWEEN®, including, for example, TWEEN® 20, TWEEN® 
40 and TWEEN® 80, commercially available from ICI Americas, Inc., Wihnington, DE), 
glycerol polyethylene glycol oxystearate, glycerol polyethylene glycol ricinoleate, alkyloxylated 
(e.g., ethoxylated) soybean sterols, alkyloxylated (e.g., ethoxylated) castor oil, polyoxyethylene- 
polyoxypropylene polymers, and polyoxyalkylene (e.g., polyoxyethylene) fatty acid stearates; 
sterol aliphatic acid esters including cholesterol sulfate, cholesterol butyrate, cholesterol 
isobutyrate, cholesterol palmitate, cholesterol stearate, lanosterol acetate, ergosterol palmitate, 
and phytosterol n-butyrate; sterol esters of sugar acids including cholesterol glucuronide, 
lanosterol glucuronide, 7-dehydro-cholesterol glucuronide, ergosterol glucuronide, cholesterol 
gluconate, lanosterol gluconate, and ergosterol gluconate; esters of sugar acids and alcohols 
including lauryl glucuronide, stearoyl glucuronide, myristoyl glucuronide, lauryl gluconate, 
myristoyl gluconate, and stearoyl gluconate; esters of sugars and ahphatic acids including 
sucrose laurate, fructose laurate, sucrose palmitate, sucrose stearate, glucuronic acid, gluconic 
acid and poljoironic acid; saponins including sarsasapogenin, smilagenin, hederagenin, oleanolic 
acid, and digitoxigenin; glycerol dilaurate, glycerol trilaurate, glycerol dipalmitate, glycerol and 
glycerol esters including glycerol tripalmitate, glycerol distearate, glycerol tristearate, glycerol 
dimyristate, glycerol trimyristate; long chain alcohols including n-decyl alcohol, lauryl alcohol, 
myristyl alcohol, cetyl alcohol, and n-octadecyl alcohol; 6-(5-cholesten-3P-yloxy)-l-thio-p-D- 
galactopyranoside; digalactosyldiglyceride; 6-(5-cholesten-3P-yloxy)-hexyl-6-amino-6-deoxy-l- 
thio-p-D-galactopyranoside; 6-(5-cholesten-3p-yloxy)hexyl-6-amino-6-deoxyH-thio-a-D- 
mannopyranoside; 12-(((T-diethylamino-coumarin-3-yl)-carbonyl)methylamino)-octadecanoic 
acid;N-[12-(((7'-diefliylamino-coumarin-3-yl)-carbonyl)methylanadno)-octade 
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aminopalmitic acid; cholesteryl(4'-tiimethyl-aiimomo)butaiioate; N- 
succinyldioleoylphosphatidylethanolamine; 1^-dioleoyl-sn-glycerol; l,2-dipalinitoyl-sn-3- 
succinylglycerol; l,3-dipalinitoyl-2-succmylglycerol; l-hexadecyl-2- 

palnutoylglycerophosphoethanolamine and palmitoylhomocysteine, and/or any combinations 
thereof. In preferred embodiments, the stabilizing materials comprise phospholipids, including 
one or more of DPPC, DPPE, DPPA, DSPC, DSPE, DSPG, and DAPC. 

Examples of suitable fluorinated lipids include but are not limited to 
compounds of the formula: 

C^2n^,(CH2)„C(0)OOP(00-)0(CH2)w N*(CH3)3CJF2,^i(CH2)„C(0)0 
wherein m is 0 to about 18, n is 1 to about 12; and w is 1 to about 8. Examples of and methods 
for the synthesis of these, as well as other fluorinated Upids useful in the present invention, are 
set forth in Unger, U.S. Patent No. 5,997,898, Reiss et al. U.S. Patent No. 5,344,930, Frezard, F., 
et al, Biochem Biophys Acta^ 1192:61-70 (1994), and Frezard, F., et aL, Art. Cells Blood Subs 
andlmmob Biotech., 22:1403-1408 (1994), the disclosures of each of which are incorporated 
herein by reference in their entirety. One specific example of a difluoroacyl 
glycerylphosphatidyl-choline, nonafluorinated diacyl glycerylphosphatidylcholine, is represented 
by compound A, below. One skilled in the art will appreciate that analogous fluorinated 
derivatives of other cormnon phospholipids (diacylphosphatidyl serine, diacylphosphatidyl 
ethanolamine, diacylphosphatidyl glycerol, diacylphosphatidyl glycerol, etc.) as well as 
fluorinated derivatives of fatty acyl esters and firee fatty acids may also function in accordance 
with the scope of the invention. Additionally lipid based and fluorinated (including 
perfluorinated) surfactants may be used as stabilizing materials in the present inv^tion. 

Examples of polymerized lipids include unsaturated lipophilic chains such 
as alkenyl or alkynyl, containing up to about 50 carbon atoms. Further examples are 
phospholipids such as phosphoglycerides and sphingolipids carrying polymerizable 
groups; and saturated and unsaturated fatty acid derivatives with hydroxyl groups, such as 
for example triglycerides of d-12-hydroxyoleic acid, including castor oil and ergot oil. 
Polymerization may be designed to include hydrophilic substituents such as carboxyl or 
hydroxyl groiq}s, to enhance dispersability so that the backbone residue resulting fi*om 
biodegradation is water soluble. Suitable polymerizable lipids are also described, for 
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example, by Klaveness et al, U.S. Patent No. 5,536,490, the disclosure of which is hereby 
incorporated by reference herein in its entirety. 

Exemplary polymerizable and/or fluorinated lipid compounds which may 
be utilized in the compositions of the present invention are illustrated below. 

CFaCjFg— CxHn-C-O-CH 
CF3C2F6-CxHn-C-0-CH O 

C—O—P—O— choline 



(A) 



6^ 
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CH2-0-C-(CHa)nSH 9Ha-0-C-(CHj)is-C»C-C»C-(CHj)fi-CH, 
Iff 1.. . S 



;H-0-C-(CH,)fi-SH CH— 0-C-(CH,)m.-C»C-C=C-(CHa)n-CH3 



CH— 0-C— (CH,)nSH CI 



I? 9 
-O-CHa-CHa-K— 

CH, 



CHj-O-P-CHa-CHj-^N-CH, CH,-0-P-0-CHa-CHa-N=^{CH,), 

' © i. . Js© 



(B) (C) 

p^-CH-,CHrf.^^, '=^""„.^„.^-2-,CH.,-C«-C.C-,C»«,.-=H. 

CH,-0-P-CHa-CH,-N-CH, 
CP CH, 

(D) (E) 



O^N ^O— (CH2),-C«C-C»C— (CHjJi-CH, CH,^®/(CHa)ie-§ 
ho' ""O— (CHa)»-C«^-CaC— (CHa),-CH, CH, (CHa)ie-S 

(F) (G) 

HO-?-O-(CH,>.C-C-C=C-<CHa).-0-|-OH CH,XH-CHa^^CH,-CH,-0-|-CH,-(CFa),-CF, 

CHi' CHj-CHa-O-C-CHj-CCFah-CF, 



(H) ® 

CHaOCO(CHj),-C«C-C"C-{CHj)nCH3 

"^""^COCCH^-NQHQN-CHa-CH^CH. CHOCO<CHD.-C-C-C=C-(CHa)„CH, 

2Br* CHaOPOCHjCHjNCCHiJa 

{J) (K) 
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CHjOCO-(CHJi2CO<^«CH,)=CHa 
CHOCO— (CHa)i«CH, 

CHjOPOCHaCHaWCCH,), 



I 



CH,-(CHa),a-C«C-C»C-(CHa),-CO0-(CH,>,^g,H 
CH,-(CHa),a-C»C-C"C-(CHa),-COO-{CHa)/ ^CHj- 



(L) 



(M) 



CH,-(CHj),i-C»C-C«C-(CHa)i-COO-<CHj)as®,H 



CHs-(CH2)ia-C»C-CsC'(CH2)t-COO-(CHj)/ CH2-(H,C)C-COO-(CHa),o-CH/ CH, 



8r 



3f 



(N) 



fO) 



CH3-(CH2)i4-CHave^CH, , 
' Br 
C«N-(CHa)CH-COO-(CHa)io-CHa'^ CH, 



CHs-(CHa),-C«C-C«C-(CHa)»-0^ 
CH,-(CHa)t-C«C-CiC-(CHa)B-0 OH 



(P) 



(Q) 



CH2=CH(CH2)8-COO-(CH2)2\®^CH: 
CH2=CH(CH2)8-COO-(CH2)2'^ ^CH; 



(R) 



CH,-(CHa)t-C«C-CsC-(CHa)8-C00-(CHa)as«,CH, 
CH3-(CHa),-CsC-C»C-(CHa)«-COO-(CHa)a'^ ^CM, 



CHa=CH(CHj)»CHa-0. 
CH,=CH(CHa),CHa-0 OH 

(T) 



(S) 



CH2-C-NH-CH2-(CF2)6-CF3 
CH2=C, 

C-NH-CH2-(CF2)e-CF3 



(U) 
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O 

il 



9 H 

= 9 CH,-CH2-C-0-C =CH-CH=C -C-0-CM,-(CF5)rC-H 

-O-S-CH— CH,^ / * ^ H H F 

H C j-CHa-C-0-CH=CH-CH=CH-C-0-CH,-(CF2),-C-H 
H U. O F 



b o 

(V) 



V 
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In formula A, above, x is an integer from about 8 to about 18, and n is 2x. Vlost prcierabls 
X is 12 and n is 24. In formulas B, C and K above, m, n. m' and n' are. independenth . an 
integer of from about 8 to about 18, preferably about 10 to about 14. 

Other lipids which may be employed in the present compositions include. 

for example. 




where R is choline. 



O 

II 

Hcr^ I. 

o 





O 

II 



C(CH2)7CH=CH(CH2)7CH3 



•C(CH2),4CH3 
O 



O 

II 



H2N(CH2)sCNH 




C(CH2)7CH=CH(CH2)7CH3 



C(CH2)7CH=CH(CH2>7CH3 
O 



O 

II 



H2N(CH2)uCNH 




O 

II 



C(CH2)7CH=CH(CH2)7CH3 



• C(CH2)7CH=CH(CH2)7CH3 
O 
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O 

II 

O H ^^C(CH2)TCH<H(CIt>7CH, 
O O II \.P 




o 

II 



C(CH2)7CH=CH(CH2)7CH3 



' C(CH2)7CH»CH(CH2)7CH3 

o 



o 




CH2(CH2)uCH3 CH2(CH2)uCH3 
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o=c o 



c=o 



b c=o 

O-C CH2(CH2)6CH=<:HCH2CH=CHfCH:}4CH3 



ch2{CH2)6Ch=chch2CH=<:h(ch2)4CH3 
ch2(CH2)6CH=<:hch2Ch=ch(ch2)4CH3 
ch2(ch2)6ch=chch2ch=ch(ch2)4ch3 



deuterated lipids, such as 



OH 



HO. 




O 

II 

O-P- 



i- 



H 




^ ^ D2 D2 ^ P2 
P2 D2 P2 ^ D2 



P2 D, P2 Pz P2 D2 




OH O 

II 

O-P- 

h 




P2 Pz Pz Pz p, ^ 

Pz P2 p2 Pz Pz P> Dz 



OPiPzPz^PzC^Pz 



■P3 
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o 

OH o H n^^^^^^y^y^^sy^^^ 

OT^i^ ^ ^ 1^ T>1 ^ 



If desired, a cationic lipid may be used, such as, for example, N-[l-(2,3- 
dioleoyloxy)propyl]-N,N,N-trimethylammomum chloride (DOTMA), l,2-dioleoyloxy-3- 
(trimefhylammomo)propane (DOTAP); and l,2-dioleoyl-3-(4'-trimethylammomo)- 
butanoyl-sn-glycerol (DOTB). If a cationic lipid is employed in the lipid compositions, the 
molar ratio of cationic Upid to non-cationic lipid may be, for example, from about 1:1000 
to about 1 :100. Preferably, the molar ratio of cationic lipid to non-cationic lipid may be 
firom about 1 :2 to about 1:10, with a ratio of from about 1 : 1 to about 1 :2,5 being preferred. 
Even more preferably, the molar ratio of cationic lipid to non-cationic lipid may be about 
1:1. 

In the case of lipid compositions which contain both cationic and non- 
cationic lipids, a wide variety of Upids may be employed as the non-cationic hpid. 
Preferably, this non-cationic lipid comprises one or more of DPPC, DPPE and 
dioleoylphosphatidylethanolamine. In lieu of the cationic Upids listed above, Upids 
bearing cationic polymers, such as polylysine or polyarginine, as weU as alkyl 
phosphonates, aUcyl phosphinates, and alkyl phosphites, may also be used in the Upid 
compositions. The present conq)ositions may also include one or more of the cationic Upid 
compounds set forth in U.S. Patent No. 5,830,430, ttie disclosures of which are hereby 
incorporated by reference herein, in their mtirety. 
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In certain preferred embodiments, the lipid compositions comprise 
phosphoUpids, particularly one or more of DPPC, DPPE, DPPA, DSPC, DSPE, DSPG, 
and DAPC (20 carbons). 

In addition, saturated and imsaturated fatty acids may be employed in the 
present lipid compositions may include molecules that preferably contain from about 12 
carbons to about 22 carbons, in linear or branched form. Hydrocarbon groups consisting of 
isoprenoid units and/or prenyl groups can be used as well. Examples of saturated fatty 
acids that are suitable include, for example, lauric, myristic, palmitic, and stearic acids. 
Suitable unsaturated fatty acids that may be used include, for example, lauroleic, 
physeteric, myristoleic, pahnitoleic, petroselinic, and oleic acids. Examples of branched 
fetty acids that may be used include, for example, isolauric, isomyristic, isopalmitic, and 
isostearic acids. Other lipids which may be employed in the present compositions include 
those disclosed in Unger et al., U.S. Patent No. 6,090,800 and Unger, U.S. Patent No. 
6,028,066, the disclosures of which are hereby incorporated herein by reference, in their 
entireties. 

In addition to lipid compositions and/or vesicle compositions formulated 
from lipids, embodiments of the presrat invention may also involve vesicles formulated 
from polymers which may be of natural, semi-synthetic (modified natural) or synthetic 
origin. As used herein, the term polymer denotes a compound comprised of two or more 
repeating monomeric units, and preferably 10 or more repeating monomeric units. The 
phrase semi-synthetic polymer (or modified natural polymer), as employed herein, denotes 
a natural polymer that has been chemically modified in some fashion. Exraiplary natural 
polymers suitable for use in the present invention include naturally occurring 
polysaccharides. Such polysaccharides include, for example, arabinans, fiixctans, fiicans, 
galactans, galacturonans, glucans, maimans, xylans (such as, for example, inulin), levan, 
fucoidan, carrageenan, galatocarolose, pectic acid, pectins, including amylose, pullulan, 
glycogCTi, amylopectin, cellulose, dextran, dextrin, dextrose, polydextrose, pustulan, chitin, 
agarose, keratan, chondroitan, dermatan, hyaluromc acid, alginic acid, xanthan gum, starch 
and variouis other natural homopolymer or heteropolymers, such as those containing one or 
more of the following aldoses, ketoses, acids or amines: erythrose, tfareose, ribose, 
arabinose, xylose, lyxose, allose, altrose, glucose, mannose, gulose, idose, galactose. 
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talose, erythrulose, ribulose, xylulose, psicose, fructose, sorbose, tagatose, mannitol, 
sorbitol, lactose, sucrose, trehalose, maltose, cellobiose, glycine, serine, threonine, 
cysteine, tyrosine, asparagine, glutamine, aspartic acid, glutamic acid, lysine, arginine, 
bistidine, glucuronic acid, gluconic acid, glucaric acid, galacturonic acid, mannuronic acid, 
glucosamine, galactosamine, and neuraminic acid, and naturally occurring derivatives 
thereof. Accordingly, suitable polymers mclude, for example, proteins, such as albumin. 
Exemplary semi-synthetic polymers include carboxymethylcellulose,, 
hydroxymethylcellulose, hydroxypropyhnethylcellulose, methylceUulose, and 
methoxycellulose. Exemplary synthetic polymers suitable for use in the present invention 
include polyethylenes (such as, for example, polyethylene glycol, polyoxyethylene, and 
polyethylene terephthlate), polypropylenes (such as, for example, polypropylene glycol), 
polyurethanes (such as, for example, polyvinyl alcohol (PVA), polyvinyl chloride and 
polyvinylpyrrolidone), polyamides including nylon, polys^orene, polylactic acids, 
fluorinated hydrocarbons, fluorinated carbons (such as, for example, 
polytetrafluoroethylene), and polymethyhnethacrylate, and derivatives thereof Preferred 
are biocompatible synthetic polymers or copolymers prepared from monomers, such as 
acrylic acid, methacrylic acid, ethylenehnine, crotonic acid, acrylamide, ethyl acrylate, 
methyl methacrylate, 2-hydroxyethyl methacrylate (HEMA), lactic acid, glycoUc acid, e- 
caprolactone, acrolein, cyanoacrylate, bisphenol A, epichlorhydrin, hydroxyalkyl-acrylates, 
sUoxane, dimethylsUoxane, ethylene oxide, ethylene glycol, hydroxyalkyl-methacrylates, 
N-substituted acrylamides, N-substituted methacrylamides, N-vinyl-2-pyrroUdone, 2,4- 
pentadiene-l-ol, vinyl acetate, acrylonitrile, styroie, p-amino-styrene, p-amino-benzyl- 
styrene, sodium styrene sulfonate, sodium 2-sulfoxyethyhnethacrylate, vinyl pyridine, 
aminoethyl mefhacrylates, 2-methacryloyloxy-trimethylanQmonium chloride, and 
polyvinylidaie, as well polyfunctional crosslinking monomers such as N,N'- 
methylenebisacrylamide, ethylene glycol dimethacrylates, 2,2'-(p-phenylenedioxy)-diethyl 
dimethacrylate, divinylbenzene, triallylamine and methylenebis-(4-phenyl-isocyanate), 
including combinations thereof. Preferable polymers include polyacryhc acid, 
polyetiiyleneimine, polymetharaylic acid, polymethyhnethacrylate, polysiloxane, 
polydimethylsiloxane, polylactic acid, poly(E-caprolactone), epoxy resin, poly(ethylene 
oxide), poly(ethylene glycol), and polyamide (nylon) polymers. Preferable copolymers 
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include the following: polyvinylidene-polyacrylonitiile, polyvinylidene-polyaciylonitrile- 
polymefhylmefhacrylate, polystyrene-polyacrylonitrile and poly d-1, lactide co-glycoUde 
polymers. A preferred copolynier is polyvinylidene- polyacrylonitrile. Other suitable 
biocx)mpatible monomers and polymers will be readily apparent to those skilled in the art, 
once armed with the present disclosure. 

As noted above, the present lipid compositions also preferably comprise a 
gas or gaseous precursor. The gas may desirably provide the lipid compositions with 
enhanced reflectivity, particularly in connection with vesicle compositions in which the gas 
is entr£q>ped within the vesicles. This may increase their effectiveness as contrast agents. 

Preferred gases are gases which are inert and which are biocompatible, that 
is, gases which are not injurious to biological function. Preferred gases include those, 
selected from the group consisting of air, noble gases, such as heliimi, rubidium 
hyperpolarized xenon, hyperpolarized argon, hyperpolarized heUum, neon, argon and 
xenon, carbon dioxide, nitrogen, fluorine, oxygen, sulfur-based gases, such as sulfur 
hexafluoride and sulfur tetrafluoride, flluorinated gases, including, for example, partially 
fluorinated gases or completely fluorinated gases. Exemplary fluorinated gases include the 
fluorocarbon gases, such as the perfluorocarbon gases, and mixtures thereof. Paramagnetic 
gases, such as ^^Oa may also be used in the lipid compositions. 

In preferred embodiments, the gas comprises a fluorinated gas. Such 
fluorinated gases include materials which contaiu one, or more than one, fluorine atom. 
Preferred are gases which contain more than one fluorine atom, with perfluorocarbons (that 
is, fully fluorinated fluorocarbons) being more preferred. Preferably, the perfluorocarbon 
gas is selected from the group consisting of perfluoromethane, perfluoroethane, 
perfluoropropane, perfluorobutane, perfluorocyclobutane and mixtures thereof. More 
preferably, the perfluorocarbon gas is perfluoropropane or perfluorobutane, with 
perfluorobutane being particularly preferred. Another preferable gas is sulfur hexafluoride. 
Yet another preferable gas is heptafluoropropane, including 1,1,1,2,3,3,3- 
heptafluoropropane and its isomer, 1,1,2,2,3,3,3-heptafluoropropane. It is contemplated 
that mixtures of different types of gases, such as mixtures of a perfluorocarbon gas and 
another type of gas, such as air, can also be used in the compositions of the present 
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invention. Other gases, including the gases exempHfied above, would be readily apparent 
to one skilled in the art based on the present disclosure. 

In certain preferred embodiments, a gas, for example, air or a 
perfluorocarbon gas, is combined with a hquid perfluorocarbon, such as perfluoropentane, 
5 perfluorohexane, perfluoroheptane, perfluorooctane, perfluorononane, perfluorooctyl- 

bromide (PFOB), perfluorodecalin, perQuorododecalin, perQuorooctyUodide, 
perfluorotripropylamine andp^uorotributylamine. 

It may also be desirable to incorporate in the hpid compositions a precursor 
to a gaseous substance. Such precursors include materials that are capable of being 

10 converted to a gas in vivo. Preferably, the gaseous precursor is biocompatible, and the gas 

produced in vivo is biocompatible also. 

Among the gaseous precursors which are suitable for use in compositions 
described herein are agents which are sensitive to pH. These agents include materials that 
are cs^able of evolving gas, for example, upon being exposed to a pH tibat is neutral or 

IS acidic. Examples of such pH sensitive agents include salts of an acid which is selected 

fix>m the groiq) consisting of inorganic acids, organic acids and mixtures thereof. Carbonic 
acid (H2CO3) is an example of a suitable inorganic acid, and aminomalonic acid is an 
example of a suitable organic acid. Other acids, including inorganic and organic acids, 
would be readily apparent to one skilled in the art based on the present disclosure. 

20 Gaseous precursors which are derived form salts are preferably selected 

from the group consisting of alkali metal salts, ammonium salts and mixtures thereof. 
More preferably, the salt is selected from Ihe group consisting of carbonate, bicarbonate, 
sesquecarbonate, aminomalonate and noixtures thereof. 

Examples of suitable gaseous precursor materials which are derived from 

25 salts include, for example, lithium carbonate, sodium carbonate, potassium carbonate, 

lithium bicarbonate, sodium bicarbonate, potassium bicarbonate, magnesium carbonate, 
calcium carbonate, magnesium bicarbonate, ammonium carbonate, ammonium 
bicarbonate, anmionium sesquecarbonate, sodium sesquecarbonate, sodium aminomalonate 
and ammonium aminomalonate. Aminomalonate is well known in the art, and its 

30 preparation is described, for example, in Thanassi, Biochemistry^ Vol. 9, no. 3, pp. 525-532 

(1970); Fitzpatrick et al.. Inorganic Chemistry. Vol. 13, no. 3 pp. 568-574 (1974); and 
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Stelmashok et al., Koordinatsionnaya Khimiya. Vol. 3, no. 4, pp. 524-527 (1977). The 
disclosures of these pubUcations are hereby incorporated herein by reference. 

In addition to, or instead of, being sensitive to changes in pH, the gaseous 
precursor materials may also comprise compounds which are sraisitive to changes in 
tenq>erature. Exemplary of suitable gaseous precursors which are sensitive to changes in 
temperature are the perfluorocarbons. As the artisan will appreciate, a particular 
perfluorocaibon may exist in the Uquid state when the hpid compositions are first made, 
and are thus used as a gaseous precursor. Altranatively, the perfluorocarbon may exist in 
the gaseous state when the lipid compositions are made, and are thus used directly as a gas. 
Whether the perfluorocarbon is used as a liquid or a gas generally dqjends on its liquid/gas 
phase transition temperature, or boiling point. For example, a preferred perfluorocarbon, 
perfluoropentane, has a Uquid/gas phase transition temperature (boiling pomt) of 29.5 °C. 
This means ttiat perfluoropentane is generally a liquid at room temperature (about 25 "C), 
but is converted to a gas within the human body, the normal temperature of which is about 
37 °C, which is above the transition temperature of perfluoropentane. Thus, under normal 
circumstances, perfluoropentane is a gaseous precursor. As a further example, there are the 
homologs of perfluoropentane, namely perfluorobutane and perfluorohexane. The 
Uquid/gas transition of perfluorobutane is and that of perfluorohexane is 57°C. Thus, 
perfluorobutane can be useful as a gaseous precursor, although more likely as a gas, 
whereas perfluorohexane can be useful as a gaseous precursor because of its relatively high 
boiling point. As known to one of ordinary skill in the art, the effective boiling point of a 
substance may be related to the pressure to which that substance is exposed. This 
relationship is exenq)Ufied by the ideal gas law: PV = nRT, where P is pressure, V is 
volume, n is moles of substance, R is the gas constant, and T is temperature. The ideal gas 
law indicates that as pressure increases, the effective boiling point increases also. 
Conversely, as pressure decreases, the effective boihng point decreases. 

A wide variety of materials can be used as gaseous precursors in the present 
compositions. It is only required that the material be capable of undergoing a phase 
transition to the gas phase vqson passing through the appropriate temperature. Suitable 
gaseous precursors include, for example, hexafluoroacetone, isopropyl acetylene, allene, 
tetrafluoroallene, boron trifluoride, 1,2-butadiene, 2,3-butadiene, 1,3-butadiene, 1,2,3- 
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trichloro-2-fluoro-l,3-butadiene, 2-methyl-l,3-butadiene, hexa£luoro-l,3-butadiene, 
butadiyne, 1-fluorobutane, 2-methylbutane, perfluorobutane, 1-butene, 2-butene, 2-methyl- 
1-butene, 3-methyl- 1-butene, perfluoro- 1-butene, perfluoro-2-butene, 4-phenyl-3-butene-2- 
one, 2-methyl-l-butene-3-yne, butyl nitrate, 1-butyne, 2-butyne, 2-chIoro- 1,1, 1,4,4,4- 
hexafluoxobutyne, 3-methyl-l-butyne, perfluoro-2-butyne, 2-bromo-butyraldehyde, 
carbonyl sulfide, crotononitrile, cyclobutane, methylcyclobutane, octafluorocyclobutane, 
perfluorocyclobutene, 3-chlorocyclopentene, perfluorocyclo-pentane, octafluorocyclo- 
pentene, cyclopropane, perfluorocyclopropane, 1,2-dimethyl-cyclopropane, 1,1 -dimethyl- 
cyclopropane, 1,2-dimethylcyclopropane, ethylcyclopropane, methylcyclopropane, 
diacetylene, 3-ethyl-3-methyl diaziridine, 1,1,1-trifluorodiazoethane, dimethyl amine, 
hexafluorodimethylamine, dimethylethylamine, bis(dimethylphosphiae)-amine, 
perfluorohexane, perfluoroheptane, perfluorooctane, 2,3-dimethyl-2-norbomane, 
perfluorodimethylanMne, dimethyloxoniimi chloride, l,3-dioxolane-2-one, 4-methyl- 
1,1,1,2-tetrafluoroettiane, 1,1,1-trifluoroettiane, 1,1,2,2-tetrafluoroethane, 1,1,2-tricliloro- 
1,2,2-trifluoroethane, 1,1-dichloroethane, l,l-dichloro-l,2,2,2-tetrafluoroethane, 
1,2-difluoroethane, l-chloro-l,l,2,2,2-pentafluoroethane, 2-chloro-l,l-difluoroethane, 
l,l-dichloro-2-fluoroethane, l-chloro-l,l,2,2-tetrafluoroethane, 2-chloro-l,l- 
difluoroethane, chloroethane, chloropentafluoroethane, dichlorotrifluoroethane, 
fluoroethane, perfluoroethane, nitropentafluoroethane, nitrosopentafluoroethane, 
perfluoroethylamine, ethyl vinyl ether, 1,1-dichloroethane, 1,1-dichloro- 1,2- 
difluoroethane, 1,2-difluoroethane, methane, trifluoromethanesulfonylchloride, 
trifluoromethanesulfonylfluoride, bromodifluoronitrosomethane, bromofluoromethane, 
bromochlorofluoromethane, bromotrifluoromethane, chlorodifluoronitromethane, 
chlorodinitromethane, chlorofluoromethane, chlorotrifluoromethane, 
chlorodifluoromethane, dibromodifluoromethane, dichlorodifluoromethane, 
dichlorofluoromethane, difluoromethane, difluoroiodomethane, disilanomethane, 
fluoromethane, iodomethane, iodotrifluoromethane, nitrotrifluoromethane, 
nitrosotrifluoromethane, tetrafluoromethane, trichlorofluoromethane, trifluoromethane, 
2-methylbutane, methyl ether, methyl isopropyl ether, methyllactate, methylnitrite, 
methylsulfide, methyl vinyl ether, neopentane, nitrous oxide, 1,2,3-nonadecane- 
tricarboxylic acid 2-hydroxytrimethyl est©r, l-nonene-3-yne, 1,4-pentadiene, n-pentane. 
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perfluoropentane^ 4-amino-4-mettiylpeiitan-2-one, 1-pentene, 2-peiitene (cis and trans), 
3-bromopent-l-ene, perfluoiopent-l-ene, tetrachlorophfhalic acid, 2,3,6-trimefliyl- 
piperidine, propane, 1,1,1,2,2,3-hexafluoropropane, 1,2-epoxypropane, 2,2-difluoro- 
propane, 2-aminopropane, 2-chloropropane, hqjtafluoro-l-nitropropane, heptafluoro-1- 
nitrosopropane, perfluoropropane, propene, hexafluoropropane, l,l,l,2,3,3-hexafluoro-2,3- 
dichloropropane, l-chloropropane, chloropropane-(trans), 2-chloropropane, 
3-£luoropropane, propyne, 3,3,3-trifluoropropyne, 3-fluorostyrene, sulfur (di)*decafluoride 
(SaFio)* 2,4-dianunotoluene, trifluoroacetonitrile, trifluoromethyl peroxide, trifluoromethyl 
sulfide, tungsten hexafluoride, vinyl acetylene and vinyl etibier. 

Perfluorocarbons are both preferred gases and preferred gaseous precursors 
for use in connection with the compositions employed in the methods of the present 
invention. Included among such perfluorocarbons are saturated perfluorocarbons, 
unsaturated perfluorocarbons, and cyclic perfluorocarbons. Saturated perfluorocarbons, 
which are usually preferred, have the formula C^2n^2' ^ preferred embodiments, the gases 
or gaseous precursors are perfluorocarbons having firom 1 to about 12 carbon atoms (and 
all combinations and subcombinations of ranges therein), preferably fi*om about 2 to about 
10 carbons, more preferably from about 3 to about 8 carbons, and even more preferably 
from about 3 to about 6 carbons. Suitable perfluorocarbons include, for example, 
p^rfluoromethane, perfluoroethane, perfluoropropane, perfluorobutane, 
perfluorocyclobutane, perfluoropentane, perfluorohexane, perfluoroheptane, 
perfluorooctaue, perfluorononane, perfluorodecane, perfluorodecalin, perfluoroundecane 
and perfluorododecane and mixtures thareof. Preferably, the perfluorocarbon is selected 
from the group consisting of perfluoropropane, perfluorobutane, perfluorocyclobutane, 
perfluoropentane, perfluorohexane and perfluorooctaue, with perfluorobutane being 
particularly preferred. Cyclic perfluorocarbons, which have the formula CJF2„, where n is 
from about 3 to about 8, preferably from about 3 to about 6, may also be preferred, and 
include, for example, hexafluorocyclopropane, octafluorocyclobutane, and 
decafluorocyclopentane. 

In addition to the perfluorocarbons, it may be desirable to utilize stable 
fluorocarbons which are not completely fluorinated. Such fluorocarbons include 
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heptafluoropropane, for example, l,l,i;2,3,3,3-heptafluoropropane and its isomer, 
1,1,2,2,3,3,3-heptafluoropropane. 

The gaseous precursor materials may be also photoactivated materials, such 
as diazonimn ion and aminomalonate. As discussed more Mly hereinafter, certain lipid 
and/or vesicle compositions, and particularly vesicle compositions, may be formulated so 
tiiat gas is formed at the target tissue or by the action of sound on the lipid composition. 
Examples of gaseous precursors are described, for example, in U.S. Patent Nos. 5,088,499 
and 5,149,319, the disclosures of which are hereby incorporated herein by reference, in 
their ratirety. Other gaseous precursors, in addition to those exemplified above, will be 
apparent to one skilled m the art based on the present disclosure. 

The gaseous substances and/or gaseous precursors are preferably 
incorporated in the lipid and/or vesicle compositions irrespective of the physical nature of 
the composition. Thus, it is contemplated that the gaseous substances and/or prectirsors 
thereto may be incorporated, for example, in Upid compositions in which the lipids are 
aggregated randomly, as well as in vesicle compositions, including vesicle compositions 
which are formulated &om lipids, such as micelles and liposomes, hicorporation of the 
gaseous substances and/or precursors thereto in the lipid and/or vesicle compositions n^y 
be achieved by using any of a number of methods. For example, in the case of vesicles 
based on lipids, the formation of gas filled vesicles can be achieved by shaking or 
otherwise agitating an aqueous mixture which comprises a gas or gaseous precursor and 
one or more lipids. This promotes the formation of stabilized vesicles within which the gas 
or gas precursor is encapsulated. 

In addition, a gas may be bubbled directly into an aqueous mixture of lipid 
and/or vesicle-forming compounds. Alternatively, a gas instillation method can be used as 
disclosed, for example, in U.S. Patent Nos. 5,352,435 and 5,228,446, the disclosures of 
which are hereby incorporated herein by reference, m their entirety. Suitable methods for 
incorporating the gas or gas precursor in cationic lipid compositions are disclosed also in 
U.S. Patent No. 4,865,836, the disclosures of which are hereby incorporated herein by 
reference. Other methods would be ^parent to one skilled in the art based on the present 
disclosure. Preferably, the gas may be instilled in the lipid and/or vesicle compositions 
after or during the addition of the stabilizing material and/or during formation of vesicles. 
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In preferred embodiments, the gaseous substances and/or gaseous precursor 
matCTials are incorporated in vesicle compositions, with micelles and liposomes being 
preferred. As discussed in detail below, vesicles in which a gas or gaseous precursor or 
both are aicj^sulated are advantageous in that fliey provide improved reflectivity in vivo. 

As discussed more fuUy hereinafter, it is preferred that the lipid 
compositions, and especially the vesicle conq>ositions, be formulated fix>m lipids and 
c^tional stabilizing compounds to promote the formation of stable vesicles. In addition, it 
is also preferred that the lipid and/or vesicle conq>ositions comprise a highly stable gas as 
well. The phrase "highly stable gas" refers to a gas which has limited solubility and 
difiusability in aqueous media. Exemplary highly stable gases mclude perfluorocarbons 
since they are generally less diffusible and relatively insoluble in aqueous media. 
Accordingly, their use may promote the formation of highly stable vesicles. 

In certain embodiments, it may be desirable to use a fluorinated compound, 
especially a perfluorocarbon compound, which may be m the liquid state at the temperature 
of use of the lipid and/or vesicle compositions, including, for example, the in vivo 
temperature of the human body, to assist or enhance tiie stability of the lipid and/or vesicle 
compositions, and especially, the gas filled vesicles. Suitable fluorinated compounds 
include, for example, fluorinated surfactants, such as fluorinated surfactants which are 
commercially available as ZONYL® surfactants (the DuPont Company, Wihnington, DE), 
as well as liquid perfluorocarbons, such as for example, perfluorooctylbromide (PFOB), 
perfluorodecalin, perfluorododecalin, perfluorooctyliodide, perfluorotripropylamine, and 
perfluorotributylamine. Jn general, perfluorocaibons comprising about six or more carbon 
atoms will be liquids at normal human body temperature. Among these perfluorocarbons, 
perfluorooctylbromide and perfluorohexane, which are liquids at room tempaature, are 
preferred. The gas which is present may be, for example, nitrogen or perfluoropropane, or 
may be dsnved from a gaseous precursor, which may also be a perfluorocarbon, for 
example, perfluoropentane. In the latter case, the Upid and/or vesicle compositions may be 
prepared &om a mixture of perfluorocarbons, which for the examples given, would be 
perfluoropropane (gas) or perfluoropentane (gaseous precursor) and perfluorooctylbromide 
(liquid). Although not intending to be bound by any theory or theories of operation, it is 
believed that, in the case of vesicle compositions, the liquid fluorinated compound may be 
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situated at the interface between the gas and the membrane or wall surface of the vesicle. 
There may be thus formed a further stabilizing layer of liquid fluorinated compound on the 
internal surface of the stabilizing compound, for example, a biocompatible lipid used to 
form the vesicle, and this perfluorocarbon layer may also prevent the gas from difiusing 
through the vesicle membrane. A gaseous precursor, within the context of the present 
iavention, is a liquid at the temperature of manufacture and/or storage, but becomes a gas 
at least aior during the time of use. 

Thus, it has been discovered that a liquid fluorinated compoimd, such as a 
perfluorocarbon, when combined with a gas or gaseous precursor ordinarily used to make 
the lipid and/or vesicle compositions described hereio, may confer an added degree of 
stability not otherwise obtainable with the gas or gaseous precursor alone. Thus, it is 
within the scope of the present invention to utilize a gas or gaseous preciirsor, such as a 
perfluorocarbon gaseous precursor, for example, perfluoropentane, together with a 
perfluorocarbon which remains liquid after administration to a patient, that is, whose liquid 
to gas phase transition temperature is above the body tCTiperature of the patient, for 
example, perfluorooctylbromide. Perfluorinated sxirfactants, such as ZONYL® fluorinated 
surfactants, may be used to stabilize the lipid and/or vesicle compositions, and to act, for 
example, as a coating for vesicles. Preferred perfluorinated surfactants are the partially 
fluorinated phosphocholine surfactants. In these preferred fluorinated surfactants, the dual 
alkyl compoimds may be fluorinated at the terminal alkyl chains and the proximal carbons 
may be hydrogenated. These fluorinated phosphocholine surfactants may be used for 
making the targeted lipid and/or vesicle compositions of the present iuvention. 

In connection with embodiments involving vesicle compositions, the size of 
the vesicles can be adjusted for the particular intended end use including, for example, 
diagnostic and/or ther^eutic use. The size of the vesicles may preferably range firom 
about 30 nanometers (nm) to about 100 micrometers (jim) in diameter, and all 
combinations and subcombinations of ranges therein. More preferably, the vesicles have 
diameters of from about 100 nm to about 10 ^im, with diameters of from about 200 nm to 
about 7 Jim being even more preferred. In connection with particular uses, for example, 
intravascular use, including nu^etic resonance imaging of the vasculature, it may be 
preferred that tiie vesicles be no larger that about 30 Jim in diameter, wifli smaller vesicles 
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being preferred, for example, vesicles of no larger than about 12 |un in diameter. In certain 
preferred embodiments, the diametra: of tiie vesicles may be about 7 jmi or less, with 
vesicles having a mean diameter of about 5 ^mi or less being more preferred, and vesicles 
having a mean diameter of about 3 |mi or less being even more preferred. It is 
contemplated that these smaller vesicles may perfuse small vascular chamiels, such as the 
microvasculature, while at the same time providing enough space or room within the 
vascular channel to permit red blood cells to slide past flie vesicles. 

The size of the gas filled vesicles can be adjusted, if desired, by a variety of 
procedures including, for example, shaking, microemulsification, vortexing, extrusion, 
filtration, sonication, homogenization, repeated freezing and thawing cycles, extrusion 
under pressure through pores of defined size, and similar methods. 

As noted above, compositions employed herein may also include, with 
respect to their preparation, formation and use, gaseous precursors that can be activated to 
change from a Uquid or soUd state into a gas by temperature, pH, Ught, and energy (such as 
ultrasound). The gaseous precursors may be made into gas by storing the precursors at 
reduced pressure. For example, a vial stored under reduced pressure may create a 
headspace of perfluoropentane or perfluorohexane gas, usefiil for creating a preformed gas 
prior to injection. Preferably, the gaseous precursors may be activated by temperature. Set 
forfli below is a table listing a series of gaseous precursors which undergo phase transitions 
&om liquid to gaseous states at relatively close to normal body temperature (37°C) or 
below,* and the size of the emulsified droplets that would be required to form a vesicle of a 
mffviTniim size of 10 \iTn.. 

TABLE 2 

Physical Characteristics of Gaseous Precursors and 
Diameter of EmuIsiGed Droplet to Form a 10 pm Vesicle* 



Compound 


Molecular 
Weight 


Boiling Point 


Density 


Diameter (jim) of 
emulsified droplet 
to make 10 micron 
vesicle 


perfluoro 
pentane 


288,04 


28.5 


1.7326 


2.9 
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TABLE 2 



Physical Characteristics of Gaseous Precursors and 
Diameter of Emulsified Droplet to Form a 10 ^m Vesicle* 





Compound 


Molecular 
Weight 


Boiling Point 


Density 


Diameter (urn) of 
emulsified droplet 
to make 10 micron 
vesicle 




1- 

fluorobutane 


76.11 


32.5 


0.67789 


1.2 


5 


2-methyl 
butane 
(isopentane) 


72.15 


27.8 


0.6201 


2.6 




2-methyl 1- 
butene 


70.13 


31.2 


0.6504 


2.5 




2-methyl-2- 
butene 


70.13 


38.6 


0.6623 


2.5 


10 


l-butene-3- 
vne-2-methvl 


66.10 


34.0 


0.6801 


2.4 




3-methyl-l- 
butyne 


68.12 


29.5 


0.6660 


2.5 


15 


octafluoro 
cyclobutane 


200.04 


-5.8 


1.48 


2.8 




decafluoro 
butane 


238.04 


-2 


1.517 


3.0 




hexafluoro 
ethane 


138.01 


-78.1 


1.607 


2.7 



20 ' 'Source: Chemical Rubber Company Handbook of Chemistry and Physics, Robert C. 

Weast and David R. Lide, eds., CRC Press, Inc. Boca Raton, Florida (1989-1990). 

The perfluorocarbons, as already indicated, are preferred for use as the gas 
or gaseous precursors, as well as additional stabilizing components. 

As noted above, it is prefened to optimize the utility of the lipid and/or 
25 vesicle compositions, especially vesicle compositions formulated from lipids, by using 

gases of limited solubility. The phrase "limited solubility" refers to the abiUty of the gas to 
diffuse out of the vesicles by virtue of its solubility in the surrounding aqueous medium. A 
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greater solubility in the aqueous medium imposes a gradient wifli the gas in the vesicle 
such tiiat the gas may have a tendency to diffuse out of the vesicle. A lesser solubility in 
the aqueous milieu, may, on the other hand, decrease or eliminate the gradient between Hie 
vesicle and the interface such that diffusion of the gas out of the vesicle may be impeded. 
Preferably, the gas entrapped in the vesicle has a solubility less than that of oxygen, that is, 
about 1 part gas in about 32 parts water. See Matheson Gas Data Book, 1966, Matheson 
Company Lac. More preferably, the gas entrapped in the vesicle possesses a solubility in 
water less than that of air; and even more preferably, the gas strapped in the vesicle 
possesses a solubility in water less than that of nitrogen. 

It may be desirable, in certain embodiments, to formulate vesicles fix>m 
polymeric materials, including substantially impermeable polymeric materials. In these 
embodiments, it is generally unnecessary to employ a gas which is highly insoluble also. 
For example, stable vesicle conqiositions which comprise substantially impermeable 
polymeric materials may be formulated with gases having higher solubilities, for example, 
air or nitrogen. 

In addition to, or instead of, the lipid and/or polymeric compounds 
discussed above, the compositions described herein may comprise one or more stabilizing 
matCTials. Exemplary of such stabiUzing materials are, for example, biocompatible 
polymers. The stabilizing materials may be employed to desirably assist in the formation 
of vesicles and/or to assure substantial encapsulation of the gases or gaseous precursors. 
Even for relatively insoluble, non-diffiisible gases, such as perflubropropane or sulfur 
hexafluoride, improved vesicle compositions may be obtained when one or more 
stabilizing materials are utilized in the formation of the gas and gaseous precursor filled 
vesicles. These conq»ounds may help improve the stabiUty and the integrity of the vesicles 
with regard to their size, shape and/or other attributes. 

The terms "stable" or "stabilized", as used herein, means that the vesicles 
may be substantially resistant to degradation, including, for example, loss of vesicle 
structure or enc^sulated gas or gaseous precursor, for a useful period of time. Typically, 
the vesicles en5)loyed in the present invention have a desirable shelf life, often retaining at 
least about 90 % by volume of its original structure for a period of at least about two to 
three weeks under normal ambient conditions. In preferred form, the vesicles are desirably 



50 



wo 03/061593 



PCT/US03/02024 



Stable for a period oif time of at least about 1 month, more preferably at least about 2 
montbs, even more preferably at least about 6 months, still more preferably about eighteen 
months, and yet more preferably up to about 3 years. The vesicles described herem, 
including gas and gaseous precursor filled vesicles, may also be stable even under adverse 
conditions, such as temperatures and pressures which are above or below those 
experienced under normal ambient conditions. 

The stability of the vesicles described herdn may be attributable, at least in 
part, to the materials fcom which the vesicles are made, including, for example, the lipids 
and/or polymers described above, and it is often not necessary to employ additional 
stabilizing materials, although it is optional and may be preferred to do so. Such additional 
stabilizing materials and their characteristics are described more fiilly hereinafter. 

The materials firom which the vesicles are constructed are preferably 
biocompatible Upid or polymer materials, and of these, the biocompatible lipids are 
preferred. In addition, because of the ease of formulation, including the capabihty of 
preparing vesicles immediately prior to administration, these vesicles may be conveniently 
made on site. 

Biocompatible polymers useful as stabilizing materials for preparing the 
gas and gaseous precursor filled vesicles may be of natural, semi-syntiietic (modified 
natural) or synthetic origin. As used herein, the term polymer denotes a compound 
comprised of two or more repeating monomeric units, and preferably 10 or more repeating 
monomeric units. The phrase semi-synthetic polymer (or modified natural polymer), as 
employed herein, denotes a natural polymer that has been chemically modified in some 
feshion. Exemplary natural polymers suitable for use in the present invention include 
naturally occurring polysaccharides. Such polysaccharides include, for example, 
arabmans, finctans, fucans, galactans, galacturonans, glucans, mannans, xylans (such as, 
for example, inulin), levan, fucoidan, carrageenan, galatocarolose, pectic acid, pectins, 
including amylose, pullvdan, glycogen, amylopectin, cellulose, dextran, dextrin, dextrose, 
polydextrose, pustulan, chitin, agarose, keratan, chondroitan, dermatan, hyaluronic acid, 
alginic acid, xanthan gum, starch and various other natural homopolymer or 
heteropolymers, such as those containing one or more of the followmg aldoses, ketoses, 
acids or amines: etytoose, tineose, ribose, arabinose, xylose, lyxose, allose, altrose, 
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glucose, maimose, gulose, idose, galactose, talose, erythrulose, ribulose, xylulose, psicose, 
fructose, sorbose, tagatose, mannitol, soifoitol, lactose, sucrose, trehalose, maltose, 
cellobiose, glycine, serine, threonine, cysteine, tyrosine, asparagine, glutamine, aspartic 
acid, glutamic acid, lysine, arginine, histidine, glucuronic acid, gluconic acid, glucaric acid, 
galacturonic acid, mannuronic acid, glucosamine, galactosamine, and neuraminic acid, and 
naturally occurring derivatives thereof. Accordingly, suitable polymers include, for 
example, proteins, such as albumin. Exemplary semi-synthetic polymers include 
carboxymethylcellulose, hydroxymethylcellulose, hydroxypropybnethylcellulose, 
mefhylcellulose, and methoxycellulose. Exemplary synthetic polymers suitable for use in 
the present invention include polyethylenes (such as, for example, polyethylene glycol, 
polyoxyethylene, and polyethylene terephthlate), polypropylenes (such as, for example, 
polypropylene glycol), polyurethanes (such as, for example, polyvinyl alcohol (PVA), 
polyvinyl chloride and polyvinylpyrroUdone), polyamides including nylon, polystyrene, 
polylactic acids, fluorinated hydrocarbons, fluorinated carbons (such as, for example, 
polytetrafluoroethylene), and polymethylmethacrylate, and derivatives thereof. Methods 
for the preparation of vesicles which employ polymers as stabiHzing compounds will be 
readily apparent to those skilled in the art, once armed with the present disclosure, when 
the present disclosure is coupled with information known in the art, such as that described 
and referred to in Unger, U.S. Patent No. 5,205,290, the disclosures of which are hereby 
incorporated herein by reference, in their entirety. 

Particularly preferred embodiments of the present invention may involve 
vesicles which comprise three components: (1) a neutral lipid, for example, a nonionic or 
zwitterionic lipid, (2) a negatively charged lipid, and (3) a Upid bearing a stabilizing 
material, for example, a hydrophilic polymer. Preferably, the amount of the negatively 
charged Upid will be greater than about 1 mole percent of the total Upid present, and tiie 
amount of Upid bearing a hydrophiUc polymer will be greater than about 1 mole percent of 
the total Upid present. Exemplary and preferred negatively charged Upids include 
phosphatidic acids. The Upid bearing a hydrophiUc polymer wiU desirably be a Upid 
covalently linked to the polymer, and the polymer will preferably have a weight average 
molecular weight of from about 400 to about 100,000. Suitable hydrophiUc polymers are 
preferably selected from the group consisting of polyethylene glycol (PEG), polypropylene 
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glycol, polyvinylalcohol, and polyvinylpyrrolidone and copolymers thereof, witti PEG 
polymers being preferred. Preferably, the PEG polymer has a molecular weight of from 
about 1000 to about 7500, with molecular weights of from about 2000 to about 5000 being 
more preferred The PEG or other polymer may be bound to the Upid, for example, DPPE, 
5 through a covalent bond, such as an amide, carbamate or amine linkage. In addition, the 

PEG or other polymer may be linked to a targeting ligand, or other phospholipids, with a 
covalent bond including, for example, amide, ester, ether, thioester, thioamide or disulfide 
bonds. Where the hydrophiUc polymer is PEG, a lipid bearing such a polymer will be said 
to be "pegylated." In preferred form, the lipid bearing a hydrophilic polymer may be 

10 DPPE-PEG, mcluding, for example, DPPE-PEG5000, which refers to DPPE having a 

polyethylene glycol polymer of a mean weight average molecular weight of about 5000 
attached thereto (DPPE-PEG5000). Other suitable pegylated hpids include, for example, 
distearoylphosphatidylethanolamine-polyethylene glycol (DSPE-PEG), including DSPE- 
PEG5000, dipalmitoyl-glycero-succinate-polyethylene glycol (DPGS-PEG), stearyl- 

1 5 polyethylene glycol and cholesteryl-polyethylene glycol. 

In certain preferred embodiments of the present invention, the lipid 
compositions may include about 77.5 mole % DPPC, 12.5 mole % of DPP A, and 10 mole 
% of DPPE-PEG5000. Also preferred are compositions which comprise about 80 to about 
90 mole % DPPC, about 5 to about 15 mole % DPPA and about 5 to about 15 mole % 

20 DPPE-PEG5000. Especially preferred are compositions which comprise DPPC, DPPA 

and DPPE-PEG5000 in a mole % ratio of 82:10:8, respectively. DPPC is substantially 
neutral, since the phosphatidyl portion is negatively charged and the choline portion is 
positively charged. Consequently, DPPA, which is negatively charged, may be added to 
enhance stabilization in accordance with the mechanism described above. DPPE-PEG 

25 provides a pegylated material boimd to the lipid membrane or skin of the vesicle by the 

DPPE moiety, with the PEG moiety free to surround the vesicle membrane or skin, and 
thereby form a physical barrier to various enzymatic and other endogenous agents in the 
body whose ftmction is to degrade such foreign materials. The DPPE-PEG may provide 
more vesicles of a smaller size which are safe and stable to pressure when combined with 

30 other Hpids, such as DPPC and DPPA, in the given ratios. It is also theorized that the 

pegylated material, becaiise of its stmctural similarity to water, may be able to defeat the 
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action of the macrophages of the human immune system, which would otherwise tend to 
surround and remove the foreign object. The result is an increase in the time during which 
the stabilized vesicles may function as diagnostic imaging contrast media. 

The vesicle con:q)Ositions may be prepared from other materials, in addition 
to the materials described above, provided that the vesicles so prepared meet the stability 
and other criteria set forth herein. These materials may be basic and fundamental, and 
form the primary basis for creating or establishing tiie stabilized gas and gaseous precursor 
filled vesicles. On the other hand, they may be auxiliary, and act as subsidiary or 
supplementary agents which can enhance the functioning of tiie basic stabilizing material 
or materials, or contribute some desired property in addition to that afforded by the basic 

stabilizing material. 

However, it is not always possible to determine whether a given material is 
a basic or an auxiliary agent, since the functioning of the material in question is determined 
empirically, for example, by the results produced with respect to producing stabilized 
vesicles. As exanq>les of how these basic and auxiUary materials may function, it has been 
observed that flie simple combination of a biocompatible lipid and water or saline when 
shaken will often give a cloudy solution subsequent to autoclaving for sterilization. Such a 
cloudy solution may function as a contrast agent, but is aesthetically objectionable and may 
imply instabiUty in the form of undissolved or undispersed lipid particles. Cloudy 
solutions may be also undesirable where the undissolved particulate matter has a diameter 
of greater than about 7 |un, and especially greater than about 10 jmi. Manufactiiring steps, 
such as sterile filtration, may also be problematic with solutions which contain undissolved 
particulate matter. Thus, propylene glycol may be added to remove this cloudiness by 
faciUtating dispersion or dissolution of the Upid particles. The propylene glycol may also 
function as a wetting agent which can improve vesicle formation and stabilization by 
increasing the surface tension on the vesicle membrane or skm. It is possible that the 
propylene glycol can also fimction as an additional layer that may coat the membrane or 
skin of tiie vesicle, thus providing additional stabilization. As examples of such further 
basic or auxiliary stabilizing materials, there are conventional surfiactants which may be 
used; see D'Airigo U.S. Patents Nos. 4,684,479 and 5,215,680. 
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Additional auxiliary and basic stabilizing materials include such agrats as 
peanut oil, canola oil, olive oil, safflower oil, com oil, or any other oil commonly known to 
be ingestible which is suitable for use as a stabilizing compound in accordance with the 
teachings herein. Various auxiliary and basic stabilizing materials are disclosed, for 
example, in Unger, U.S, Patent No. 5,736,121, the disclosures of which are incorporated 
herein by reference, in their entirety. 

In addition, compounds used to make mixed micelle systCTis may be 
suitable for use as basic or auxiliary stabilizing matmals, and these include, for example, 
lauryltrimethylammonium bromide (dodecyl-), cetyltrimethylarmnonium bromide 
(hexadecyl-), myristyltrimethylammoriium bromide (tetradecyl-), alkyldimethyl- 
benzylammonium chloride (where alkyl is C^, or C^^X benzyldimethyldodecyl- 
ammonium bromide/chloride, benzyldimethyl hexadecylammonium bromide/chloride, 
benzyldimethyl tetradecylammonium bromide/chloride, cetyldunethylethylammonium 
bromide/chloride, or cetylpyridinium bromide/chloride. 

It has also been found that the gas and gaseous precursor filled vesicles 
used in the present invention may be controlled according to size, solubiUty and heat 
stability by choosing firom among the various additional or auxiliary stabilizing materials 
described herein. These materials can affect these parameters of the vesicles, especially 
vesicles formulated fi-om Upids, not only by their physical interaction witti the membranes, 
but also by their ability to modify the viscosity and surface tension of the surface of the gas 
and gaseous precursor filled vesicle. Accordingly, the gas and gaseous precursor filled 
vesicles used in the present mvention may be favorably modified and further stabilized, for 
example, by the addition of one or more of a wide variety of (a) viscosity modifiers, 
including, for example, carbohydrates and their phosphorylated and sulfonated derivatives; 
polyethers, preferably with molecular weight ranges between 400 and 100,000; and di- and 
trihydroxy alkanes and their polymers, preferably with molecular weight ranges between 
200 and 50,000; (b) emulsifying and/or solubiUzing agents mcludmg, for example, acacia, 
cholesterol, diethanolamine, stearates, including glyceryl monostearate, lanolin alcohols, 
lecithdn, mono- and di-glycerides, mono-ethanolamine, oleic acid, oleyl alcohol, 
poloxamer, for example, poloxamer 188, poloxamer 184, and poloxamer 181, poloxamine, 
polyoxyethylene 50 stearate, polyoxyl 35 castor oil, polyoxyl 10 oleyl ether, polyoxyl 20 
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cetostearyl ether, polyoxyl 40 stearate, polysorbate 20, polysoibate 40, polysorbate 60, 
polysorbate 80, propylene glycol diacetate, propylene glycol monostearate, sodium lauryl 
sulfate, sodium stearate, sorbitan mono-laurate, sorbitan mono-oleate, sorbitan mono- 
palmitate, sorbitan monostearate, stearic acid, trolamine, palmitatesl, and emulsifying wax; 
(c) suspending and/or viscosity-increasing agents, including, for example, acacia, agar, 
alginic acid, aluminum mono-stearate, bentonite, magma, carbomer 934P, 
carboxymethylcellulose, calcium and sodium and sodium 12, carrageenan, cellulose, 
dextran, gelatin, guar gum, locust bean gum, veegum, hydroxyethyl cellulose, 
hydroxypropyl methylcellulose, magnesium-aluminum-silicate. Zeolites®, 
methylcellulose, pectin, polyethylene oxide, povidone, propylene glycol alginate, silicon 
dioxide, sodium alginate, tragacanth, xanthan gum, a-d-gluconolactone, glycerol and 
mannitol; (d) synthetic suspending agents, such as polyethylene glycol (PEG), 
polyvinylpyrrolidone (PVP), polyvinylalcohol (PVA), polypropylene glycol (PPG), and 
polysorbate; and (e) tonicity raising agents which stabilize and add tonicity, including, for 
example, sorbitol, mannitol, trehalose, sucrose, propylene glycol and glycerol. 

As noted above, the compositions of the present invention further comprise 
one or more targeting Ugands. The targeting ligands which may be incorporated in the 
compositions of the present invention are preferably substances which are capable of 
targeting receptors and/or tissues in vivo. With respect to the targeting of tissue, as noted 
above, the targeting ligands described herein are desirably capable of targeting cells or 
receptors associated with vascular plaques. Thus, the methods and compositions of the 
present invention may be advantageously used to target plaques with diagnostic agents, 
hereby permitting improved detection of plaques as well as characterization of lesions in 
the vessels. Since ttiese agents may accumulate preferentially in certain kinds of plaques, 
the present invention can be used to help detect dangerous plaques before tiiiey embolize or 
form thrombi on their surfaces, hi this regard, the more dangerous plaques tend to have 
active inflammation involving the plaques. This may be manifest by the presence of 
inflammatory cells such as macrophages in the active plaques, hiactive plaques lacking 
such inflammatory cells may be less dangerous, and the methods and compositions of the 
present invention can be used to help differentiate between these different plaques, and to 
treat the more dangerous lesions. 
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In preferred embodimOTts, the targeting ligand employed in the present 
methods and compositions is a material which comprises an acid moiety, i.e., a moiety 
which may yield hydrogen ions when dissolved in water, and whose hydrogen atoms may 
be rq)laced by metals or basic radicals, or which reacts with bases to form salts and water. 
Such moieties include, for example, carboxylic acid moieties (-COOH), phosphoric acid 
moieties (-P(0)(0H)3), sulfonic acid moieties (-SO2OH) and the like. In preferred 
embodiments, the targeting ligand is in the form of a lipid containing an acid moiety, with 
phospholipids containing an acid moiety being more preferred. PrefOTed among 
phospholipids containing an acidic moiety, and which may be used as targeting ligands in 
the present compositions, are phosphatidic acids, phosphatidyl serines and 
phosphatidylinositols. 

In coimection with embodiments involving acidic phospholipids (i.e., 
phospholipids containing an acid moiety), the phospholipid preferably comprises at least 
one nonpolar aliphatic chain. Targetmg ligands in the form of phospholipids which 
contain a single aliphatic chain are referred to herein as "monochain phosphoUpids." In 
certain other preferred embodiments, the targeting ligands in the form of phospholipids 
comprise more than one, and preferably at least two or three, nonpolar aUphatic chains. 
Such compounds are referred to herein as "polychain phospholipids." 

In preferred embodiments, the present compositions comprise a targeting 
Ugand in the form of a polychain phospholipid compoimd, with dichain phospholipids (i.e., 
phospholipids containing two nonpolar aliphatic chains) being preferred. More preferably, 
the targeting ligand comprises a diacyl phospholipid, where the number of carbons in each 
of the acyl groups may range, for example, from about 10 to about 20 (and all 
combinations and subcombinations of ranges and specific numbers of carbons therein). In 
preferred form, the acyl groups contain about 16 or about 17 carbons. Even more 
preferably, the present compositions comprise a phosphatidic acid which is 
dipahnitoylphosphatidic acid, a phosphatidylserine which is dipalmitoylphosphatidyl- 
serine (DPPS), or a phosphatidylinositol which is dipalmitoylphosphatidylinositol, in 
which targetmg may be afforded by the acidic moiety, and stabilization may be afforded by 
the dipalmitoyl moieties. 
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In other embodiments, the targeting ligand employed in the present 
methods and compositions is a material which comprises a phosphorylated serine moiety. 
The tOTn "phosphorylate", as used herein, encompasses phosphate groups with various 
valences, including, for example, PO2, PO3 and PO4 groups. Thus, in preferred form, the 
5 targeting ligands comprise a serine moiety (HOCH2CH(NH2)C02H) or a residue thereof 

linked to a P(0)x groiq), where x is 2, 3 or 4. Preferably, an ester is formed between the 
hydroxyl group of the serine moiety and the P(0)x group, although other linkages, such as 
a phosphoramide linkage between tiie amino group of the serine moiety and the P(0)x 
group, are also encompassed within the scope of the invention and will be readily apparent 

10 to one of ordinary skill in flie art, once armed witii the present disclosure. 

In certain preferred embodiments, the phosphorylated serine moiety may be 
present in a lipid compoimd, with phosphoUpids being more preferred. Embodiments in 
which the phosphorylated s^ne moiety is covalently bonded to a lipid to provide a 
phospholipid may be represented, for example, in comiection with certain preferred 

15 ^bodiments, by the formula glycerol-P(0)x-serine, where x is 2, 3 or 4. It is 

contemplated that in such embodiments, the phosphorylated serine portion targets cells or 
receptors associated with vascular plaque, and the lipid or glycerol portion may provide 
advantageous stabilizing properties to the compositions, hi connection with these 
embodiments, the phosphoUpid is preferably a monochain phospholipid or a polychain 

20 phospholipid, as described above in connection with embodiments involving targeting 

Ugands in the form of acidic phosphoUpids, with polychain phosphoUpids being preferred. 
More preferably, the targeting ligand comprises a diacyl phosphatidyl serine, where the 
number of carbons in each of the acyl groups may range, for example, from about 10 to 
about 20 (and all combinations and subcombinations of ranges and specific numbers of 

25 carbons therein). In preferred form, the acyl groups contain about 16 or about 17 carbons. 

Even more preferably, the present compositions comprise the phospholipid 
dipalmitoylphosphatidyl-serine (DPPS), in which targeting liiay be afforded by the 
phosphorylated serine moiety, and stabilization may be afforded by the dipalmitoyl moiety. 

Also in preferred embodiments, the targeting Ugand may bear a hydrophiUc 

30 polymer. Thus, in embodiments in which the targeting ligand comprises, for example, a 

phospholipid such as a phosphatidylserine, the polymer may be linked covalently, for 
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example, to eitiier of the phosphate group or the serine group of the phosphorylated serine 
moiety. The polymer preferably has a weight average molecular weight of from about 400 
to about 100,000 (and all combinations and subcombinations of molecular weight ranges 
and specific molecular weights therein). Suitable hydrophiUc polymers include, for 
example, polyethylene glycol (PEG), polypropylene glycol, polyvinylalcohol, and 
polyvinylpyiroUdone and copolymers hereof, with PEG polymers being preferred. 
Preferably, the PEG polymer has a molecular weight of from about 1000 to about 20000, 
with molecular weights of from about 3500 to about 5000 being more preferred. The PEG 
or other polymer may be bound to the phosphate serine moiety through a covalent bond, 
such as an amide, carbamate, ether or amine linkage. In embodiments involving 
phosphorylated serine moieties, the resulting targeting Ugand may be depicted generically 
by the formula PEG-P(0)x-serine, where x is 2, 3 or 4. 

Altemadvely, the hydrophihc polymer may be linked to the Upid portion of 
the targeting ligand. The chemical structure of such embodiments may be depicted as 
PEG-glycerol-P(0)x-serme, where x is 2, 3 or 4. In these embodnnents, the PEG or other 
polymer may be covalently bonded, for example, through amide, ester, ether, thioester, 
thioamide or disulfide bonds. As with flie Upid stabilizing materials, discussed above, 
where the hydrophiUc polymer is PEG, a targeting ligand bearing such a polymer will be 
said to be "pegylated." 

Thus, in exemplary embodiments, the targeting Ugand may have the 
formula PEG-P(0)x-serine or PEG-glycerol-P(0)x-serine. In accordance with these 
embodimmts, the distal end of the PEG polymer, Le., the end of the polymer that is not 
attached to the serine or glycerol moieties, may be Unked or conjugated to other 
components of the present compositions, for sample, other Upids or polymers, stabilizing 
materials, bioactive agents, and the like. In certain preferred embodiments, tiie distal end 
of the PEG polymer is attached to a Upid to provide a bioconjugate which may be 
mcoiporated into the vesicle waUs. Such bioconjugates may be genericaUy depicted by the 
formula Lipid-PEG-P(0)^-serine. 

Accordingly, m the case of Upid compositions, the targeting Ugand, in the 
form of a phosphorylated serine moiety may, if desired, be boimd, such as via a covalent 
bond, to at least one of the Upids incorporated in the compositions. In the case of vesicles 
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which are formulated from substances oiher than lipids, for example, clathrates and 
aerogels, the targeting ligand may be bound covalently or non-covalently to one or more of 
the materials incorporated in the vesicle walls. If desired, the targeting Ugands may also be 
bound covalently and/or non-covalently to other stabilizing materials, for example, 
biocompatible polymers, which may be present in the compositions. 

In coimection with targeting ligands which may be covalently bound to 
other components of the present compositions including, for example, lipids, polymers, 
proteins, vesicles, bioactive agents and the Uke, as well as other stabilizing materials, the 
targeting ligand may preferably include a functional group which may be useful, for 
example, in forming such covalent bonds. Examples of such functional groups include, for 
example, amino (-ISIH2), hydroxy (-OH), carboxyl (-COOH), thiol (-SH), phosphate, 
phosphinate, sulfate and sulfinate. 

The targeting ligands described herein, for example, targeting materials 
which are acidic and/or which contain a phosphorylated serine moiety, including 
phosphoUpids, such as acidic diacyl phosphoUpids, may be used to target any ultrasound 
contrast agent to vuhierable plaque. Contrast agents to be targeted may be gas filled lipid 
microbubbles such as developed by hnaRx Therapeutics Inc. (Tucson, AZ) and sold by 
Bristol Myers Squibb Company (New York, NY) as Definity®, as described, for example, 
in U.S. Patent No. 5,547,656. Other contrast agents that may be targeted to vulnerable 
plaque for imaging via ultrasound include polymeric shell based agents such as those 
described in U.S. Patent Nos. 5,505,932 and 5,362,478; protein based shell particles such 
as PESDA (perfluorocaibon enhanced sonicated dextrose albumin) microbubbles, as 
described in U.S. Patent Nos. 5,567,415 and 5,701,899; or Optison®, human albumin 
microspheres, sold by Amersham Health AS (Oslo, Norway); carbohydrate-based 
micioparticles such as described in U.S. Patent No. 5,928,626; and sucrose stabiUzed 
albumin microbubbles. 

The targeting ligand may be incorporated in the present compositions in a 
variety of ways. Generally speaking, the targeting ligand may be incorporated in the 
present compositions by being associated covalently or non-covalently with one or more of 
the materials which are included in the compositions, including, for example, Upids, 
proteins or polymers, as well as any auxiliary stabilizing materials. For racample, targeting 
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ligands in the foixn of phosphoHpids, for example, acidic phospholipids and/or 
phosphoUpids containing phosphorylated serine moieties) may be incorporated mto the 
ultrasound contrast agent by agitating or sonicating the acidic phospholipids along with the 
shell componrats during microbubble preparation. Hie concentration of the targeting 
phosphoUpids in the present contrast agents may range &om about 5 to about 40 wt.% of 
the shell (and all combinations and subcombinations of ranges and specific percentages 
therein), and thus may comprise about 5%, about 10%, about 15%, about 20%, about 25%, 
about 30%, about 35% or about 40% of the shell material by weight percent. As described 
herein, the ultrasound contrast agent may be PEGylated or nonPEGylated. In certain 
embodiments, the Upid shelled ultrasound contrast agents may also include about 1 to 
about 5% cholesterol by weight, for example, to increase shell thickness. 

In certain preferred embodiments, the targeting Ugand is associated 
covalently with one or more of the aforementioned materials contained m the present 
compositions. As noted above, preferred compositions of the present invention comprise 
Upid or polymer compounds. In these compositions, the targeting Ugands are preferably 
associated covalently with the Upid or polymer compoimds. 

Exemplary covalent bonds by which the targeting Ugands are associated 
with the Upids, polymers, bioactive agents, and/or vesicles include, for example, amide 
(-CONH-); thioamide (-CSNH-); ether (ROR', where R and R* may be the same or different 
and are other than hydrogen); ester (-COO-); thioester (-COS-); -O-; -Ss >S„-, where n is 
greater than 1, preferably about 2 to about 8, and more preferably about 2; carbamates; - 
NH-; -NR-, where R is alkyl, for example, alkyl of from 1 to about 4 carbons; urefliane; 
and substituted imidate; and combinations of two or more of these. Covalent bonds 
between targeting Ugands and, for example, Upids, may be achieved through the use of 
molecules that may act as spacers to increase the conformational and topographical 
flexibiUty of the Ugand. Examples of such spacers include, for example, succinic acid, 1,6- 
hexanedioic acid, 1,8-octanedioic acid, and the like, as weU as modified amino acids, such 
as, for example, 6-aminohexanoic acid, 4-aininobutanoic acid, and the hke. Thus, an 
exemplary raibodiment of a bioconjugate genericaUy depicted by the formula 
Upid-PEG-P(0)x-serine is distearoyldimainobutane-PEG-P(0)x-serine. 
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The covalent linking of the targeting ligands to the materials in the present 
compositions, including the lipids and/or polymers, may be accomplished using synthetic 
organic techniques which would be readily apparent to one of ordinary skill in the art, 
based on the present disclosure. For example, the targeting Ugands may be linked to the 
materials, including the Upids, via the use of well known coupling or activation agents. As 
known to the skilled artisan, activating agents are generally electrophilic. This 
electrophilicity can be employed to elicit the formation of a covalent bond. Exemplary 
activating agents which may be used include, for example, carbonyldiimidiazole (GDI), 
dicyclohexylcarbodiimide (DCC), dusopropylcarbodiimide piC), methyl sulfonyl 
chloride, Castro's Reagent, and diphenyl phosphoryl chloride. 

The covalent bonds may involve crosslinking and/or polymerization. 
Crosslinking preferably refers to the attachment of two chains of polymer molecules by 
bridges, composed of either an element, a group, or a compound, which join certain carbon 
atoms of the chains by cpvalent chemical bonds. For example, crossUnking may occur in 
polypeptides which are joined by the disulfide bonds of the cystine residue. Crosslinking 
may be achieved, for example, by (1) adding a chemical substance (cross-linking agent) 
and exposing the mixture to heat, or (2) subjecting a polymer to high energy radiation. A 
variety of crosslinking agents, or "tethers", of different lengths and/or functionaUties are 
described, for example, in R.L. Lunbland, Techniques in Protein Modification, CRC Press, 
Inc., Ann Arbor, MI. pp. 249-68 (1995), the disclosures of which are hereby incorporated 
herein by reference, in their entirety. Exemplary crosslinkers include, for example, 3,3'- 
dithiobis(succinimidylpropionate), dimethyl suberimidate, and its variations thereof, based 
on hydrocarbon length, and bis-N-maleimido-l,8-octane. 

In certain preferred embodiments, the targeting ligands may be linked or 
attached to the Upids or polymers, or other stabilizing materials, via a linking group. A 
variety of linking groups are available and would be apparent to one skilled in the art, once 
aimed with the present disclosure. Preferably, the linking group comprises a hydrophiUc 
polymer. Suitable hydrophilic linker polymers include, for example, polyalkyleneoxides 
such as, for example, polyethylene glycol (PEG) and polypropylene glycol (PPG), 
polyvinylpyrrolidones, polyvmyhnethylefhers, polyacrylamides. such as, for example, 
polymethacrylamides, polydimethylacrylamides andpolyhydroxypropyhnethacrylamides. 
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polyhydroxyetiiyl acrylates, polyhydroxypropyl methacrylates, polymethyloxazolines, 
polyethyloxazolines, polyhydroxyetiiyloxazolines, polyhyhydroxypropyloxazolines, 
polyvinyl alcohols, polyphosphazenes, poly(hydroxyallcylcarboxylic acids), 
polyoxazolidines, and polyaspartamide. The hydrophilic polymers are preferably selected 
from the group consisting of PEG, PPG, polyvinylalcohol and polyvinylpyrroUdone and 
copolymers thereof witii PEG and PPG polymers being more preferred and PEG polymers 
being even more prefered. Thus, in embodiments involving Upid compositions which 
conq)rise lipids bearing polymers including, for example, DPPE-PEG, the targeting ligand 
may be linked directly to the polymer which is attached to the lipid to provide, for 
example, a conjugate of DPPE-PEG-TL, where TL is a targeting Ugand. Thus, using tiie 
example DPPE-PEG, such as, for example, DPPE-PEG5000, tiie aforementioned conjugate 
may be represented as DPPE-PEG5000-TL. The hydrophilic polymra: used as a hnking 
group is preferably a bifunctional polymer, for example, bifimctional PEG, such as 
diamino-PEG. In this case, one end of the PEG group is hnked, for example, to a lipid 
compound, and is bound at the free end to the targeting Ugand via an amide linkage. A 
hydrophilic polymer, for example, PEG, substituted with a terminal carboxylate group on 
one end and a terminal amino group on the other end, may also be used. These latter 
bifimctional hydrophilic polymer may be preferred since they possess various similarities 
to amino acids. 

Standard peptide methodology may be used to link the targeting Ugand to 
tiie Upid when utilizing linker groups having two unique terminal functional groups. 
Bifunctional hydiophiUc polymers, and especially bifimctional PEGs, may be syntiiesized 
usmg standard organic synthetic methodologies. In addition, many of these materials are 
available commercially. For example, a-amino, oo-carboxy PEG is commercially available 
from Shearwater Polymers (Huntsville, AL). An advantage of using a PEG matCTial as tiie 
< Unking group is that the size of the PEG can be varied such that the number of monomeric 
subunits of ethylene glycol may be as few as, for example, about 5, or as many as, for 
exanq)le, about 500 or even greater. Accordingly, tiie "tether" or lengtii of the Unkage may 
be varied, as desired. This may be important depending, for example, on the particular 
targeting Ugand employed. For exanq>le, a targeting Ugand which comprises a large 
protem molecule may require a short tether, such that it wiU simulate a manbrane bound 
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protein. A short tether would also allow for a vesicle to maintain a close proximity to the 
cell. This can be used advantageously in connection with vesicles which also comprise a 
bioactive agent, in that the concentration of bioactive agent which is deUvered to the cell 
may be advantageously increased. 

Another suitable linking group which may provide a short tether is 
glyceraldehyde. Glyceraldehyde may be bound, for example, to DPPE via a Schiff s base 
reaction. Subsequ^t Amadori rearrangement can provide a substantially short linking 
group. The p carbonyl of the SchifPs base may then react with a lysine or arginine of the 
targeting protein or peptide to form the targeted lipid. 

More specifically, the compoimds employed in the present compositions, 
including lipids and/or polymers, may contain various functional groups, such as, for 
example, hydroxy, thio and amine groups, which can react with a carboxylic acid or 
carboxylic acid derivative of the hydrophilic polymeric linker using suitable coupling 
conditions which would be apparent to one of ordinary skill in the art, once armed with the 
present disclosure. After the carboxylic acid group (or derivative thereof) reacts with tiie 
functional group, for example, hydroxy, thio or amine group to form an ester, tfaioester or 
amide group, any protected functional group may be deprotected utilizing procedures 
which would be well known to those skilled in the art. The term protecttag group, as used 
herein, refers to any moiety which may be used to block reaction of a functional group and 
which may be removed, as desired, to afford the unprotected functional group. Any of a 
variety of protecting groups may be employed and these will vary depending, for example, 
as to whether the group to be protected is an amine, hydroxyl or carboxyl moiety. If the 
functional group is a hydroxyl group, suitable protecting groups include, for example, 
certain etiiers, esters and carbonates. Such protecting grotq)s are described, for example, in 
in Greene, TW and Wuts, PGM 'Trotective Groups in Organic Synthesis" John Wiley, 
New York, 2nd Edition (1991), the disclosiures of which are hereby incorporated herein by 
reference, in their entirety. Exemplary protecting groups for anmie groups include, for 
example, t-butyloxycaibonyl (Boc), benzyloxycarbonyl(Cbz), o-nitrobenzyloxycarbonyl 
and and trifluoroacetate (TFA). 

Amine groups which may be present, for example, on a backbone of a 
polymer which is included in the vesicles, may be coupled to amine groups on a 
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hydrophilic linkiiig polymer by fonning a SchifFs base, for example, by using coupling 
agents, such as glutaraldebyde. An example of this coupling is described by Allcock et 
al.,. Macromolecules Vol. 19(6), pp. 1502-1508 (1986), the disclosures of which are 
hereby incoiporated hrarein by reference, in their entirety. If, for example, vesicles are 
formulated jBx>m polylj^e, free amino groiq>s may be exposed on the surface of the 
vesicles, and these free amine groups may be activated as described above. The activated 
amine groups can be used, in turn, to coiqple to a fimctionalized hydrophiUc polymer, such 
as, for example, a-amino-oo-hydroxy-PEG in which the ©-hydroxy group has been 
protected with a carbonate group. After the reaction is completed, the carbonate group can 
be cleaved, thereby enabling the terminal hydroxy group to be activated for reaction to a 
suitable targeting ligand. In certain embodiments, the surface of a vesicle may be 
activated, for example, by displacing chlorine atoms in chlorine-containing phosphazene 
residues, such as polydichlorophosphazine. Subsequent addition of a targeting Ugand and 
quenching of the remaining chloride groups with water or aqueous methanol will yield the 
coupled product. 

In addition, poly(diphenoxyphosphazene) can be synthesized (Allcock et 
al., Macromolecules Vol. (1986) 19(6), pp. 1502-1508) and immobiUzed, for example, on 
DPPE, followed by nitration of the phenoxy moieties by the addition of a mixture of nitric 
acid and acetic anhydride. The subsequent nitro groups may then be activated, for 
example, by (1) treatment with cyanogen bromide in 0.1 M phosphate buffer (pH 1 1), 
followed by addition of a targeting ligand containing a free amino moiety to generate a 
coupled urea analog, (2) formation of a diazonium salt using sodium nitrite/HCl, followed 
by addition of tiie taigetmg ligand to form a coupled ligand, and/or (3) the use of a 
dialdehyde, for example, glutaraldebyde as described above, to form a Schiffs base. After 
linking the DPPE to the hydrophilic polymo: and tiie targeting ligand, the vesicles may be 
formulated utilizing the procedures described herein. 

Aldehyde groups on polymers can be coupled with amines as described 
above by forming a SchifPs base. An example of this coupling procedure is described in 
AUcock and Austin Macromolecules vol 14. pl616 (1981), the disclosures of which are 
hraeby incorporated herein by reference, in their entirety. 
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In the above pioceduies, the polymer or terminus of the lipid, for example, 
phosphatidylglycerol or phosphatidylethanolamine, is preferably activated and coupled to 
tiie hydrophilic polymeric linker, the terminus of which has been blocked in a suitable 
manner. As an example of this 'strategy, a-amino, ca-carboxy PEG-4000 having a t-Boc 
protected terminal amino groiq) and a free caiboxylate end, may be activated with 1,1 '- 
carbonyldiimidazole in the presence of hydroxybenzotriazole in N-methylpyrollidone. 
After the addition of phosphatidylethanolamine, the t-Boc group may be removed by using 
trifluoToacetic acid (TFA), leaving the free amine. The amine may then be reacted with a 
targeting ligand by similar activation of the Ugand, to provide the lipid-linkar-targeting 
Ugand conjugate. Other strategies, in addition to those exempUfied above, may be utilized 
to prepare the lipid-Unker-targeting ligand conjugates. Generally speaking, these methods 
employ synthetic strategies which are generally known to tiiose skilled in the art of 
synthetic organic chemistry. 

Additional linkers would include other derivatives of lipids usefiil for 
couphng to a bifunctional spacer. For example, phosphatidylethanolamine (PE) may be 
coupled to a biftmctional agent. For example N-succnumidyl 4-^-maleimido- 
phenyl)butyrate (SMPB) and N-succinimidyl 3-(2-pyridyldithiol) propionate (SPDP), N- 
succinimidyl trans-4-(N-maleiniidyhnetiiyl)cyclohexane-l-carboxylate (SMCC), and N- 
succinimidyl 3-maleimidylbenzoate (SMB) may be used among others, to produce, for 
example the functionalized Upids MPB-PE and PDP-PE. 

The free end of the hydrophilic spacer, such as polyethylene glycol 
ethylamine, which contains a reactive group, such as an amine or hydroxyl groiq), could be 
used to bind a cofactor or other targeting ligand. For example, polyethylene glycol 
ethylamine may be reacted with N-succinimidylbiotin or p-nitrophenylbiotin to introduce 
onto the spacer a useful couphng group. For example, biotin may be coupled to the spacer 
and this will readily bind non-covalently proteins. As an example, MPB-PEG-DPPE may 
be synthesized as foUows. DPPE-PEG with a free amino group at the terminus of the PEG 
will be provided as described previously.. Synthesis of the SMPB:PEG-DPPE may then be 
carried out with 1 equivalent of triefhylamine in chloroform at a molar ratio of 1:5 
SMPB:DPPE-PEG. After 3 hours, Ae reaction mixture will be evaporated to dryness 
under argon. Excess unreacted SMPB and major by products will be removed by 
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preparative thin layer chromatography (TLC, silica gel developed with 50% acetone in 
chloroform). The upper portion of the lipid hand can be extracted from the sihca with 
about 20-30% methanol in chloroform (V :V) resulting in the isolation of pure intact MPB- 
Peg-DPPE. Streptavidin may then be coupled to proteins so that the proteins in turn may 
then be coupled to the MPB-PEG-DPPE. Briefly SPDP would be incubated with 
streptavidin at room temperature for 30 minutes and chromatogr^hy employed to remove 
unreacted SPDP, Dithiothreitol (DTT) was added to flie reaction mixture and 10 minutes 
later 2-thiopyridone at a concentration of 343 nM. The remainder of the reaction mixture 
is reduced with DTT (25 mM for 10 min.). The thiolated product is isolated by gel 
exclusion. The resulting streptavidin labeled proteins may then be used to bind to the 
biotinylated spacers affixed to the lipid moieties. 

Additional methods which may be employed for covalentjy linking 
targeting ligands to the lipids or polymers, vesicles, bioactive agents or other stabilizing 
materials, are described, for example, in Unger, et al., U.S. Patent No. 6,090,800 and 
Unger U.S. Patent No. 6,028,066, the disclosures of which are incorporated herein by 
reference, in their entireties. 

In preferred embodiments of the present invention, the targeted compoimds, 
namely, targeted lipids and polymers, may be iacorporated in compositions which are used 
to form targeted vesicles, including, for example, targeted micelles, targeted Uposomes, 
targeted protein microspheres and/or targeted polymer coated miorospheres. The targeting 
ligand which is attached to the compoimds from which the vesicles are prepared may be 
directed, for example, outwardly from the surface of the vesicle. Thus, there is provided a 
targeted vesicle which can be used to target receptors and tissues. 

The concentration of targeting Ugand employed in the present compositions 
may vary depending, for example, on the particular targeting agmt employed, the receptor 
or tissue being targeted, the other components of the compositions, whetha- the targeting 
ligand is associated covalently and/or non-covalently with other components of the 
compositions, for example, lipids, polymers or vesicles and the like. Typically, the 
concentration of targeting ligand in the present compositions may be initiated at lower 
levels and increased until the desired contrast enhancement effect is achieved. Targeted 
hydrophobic compounds, for example, conjugates in which flie targeting ligand is linked 
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covalenfly to, for example, a lipid, may be employed in the compositions in a 
concentration which ranges from about 0.05 wt % to about 40 wt % (and all combinations 
and subcombinations of ranges therein and specific percentages therein), based on the 
weight of other stabilizing DMterials employed in the composition. Preferably, the 
targeting ligand may be employed in the compositions in a concentration from about 0.5 wt 
% to about 30 wt %, with concentrations of from about 1 wt % to about 20 wt % being 
more preferred. Even more preferably, the targeting ligand may be employed in the 
presCT.t compositions in a concentration of from about 1 wt % to about 2 wt %, with a 
concentration of about 1.25 wt % being especially prefOTed. In other CTibodiments, 
concentrations of about 5 wt % may be especially preferred. 

As would be apparent to the skilled artisan, once armed with the teachings 
of the present invention, the concentration of targeted hydrophobic compounds and/or 
unbound targeting ligand that may be employed in the compositions of the present 
invention may also be expressed in mole %. In this connection, targeted hydrophobic 
compounds and/or unbound or free targeting ligand may be employed in the compositions 
of the present invention in a concentration which ranges from 0.05 mole % to about 30 
mole % (and all combinations and subcombinations of ranges and specific percentages 
therein), based on the number of moles of unboimd stabilizing materials employed in the 
composition. Preferably, the conjugate or free targeting ligand may be employed in the 
compositions in a concentration from about 0.5 mole % to about 20 mole %, with 
concentrations of from about 1 mole % to about 5 mole % being more preferred. Even 
more preferably, the conjugate or free targeting ligand may be employed in the present 
compositions in a concentration of from about 1 mole % to about 2 mole %, with a 
concentration of about 1.8 mole % being especially preferred. 

As noted above, the present lipid and/or vesicle compositions are desirably 
formulated in an aqueous environment. This can induce the lipid, because of its 
hydrophobic/hydrophiUc nature, to form vesicles, which may be the most stable 
configuration which can be achieved in such an enviroimient. In the case of phospholipids, 
the polar head groups may orient themselves towards the surface of the vesicles, while the 
nonpolar hydrophobic portion is oriented towards the interior of the vesicle. Thus, in the 
case of vesicles which comprise phosphorylated serine groups, the phosphorylated serine 
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moiety may be advantageously exposed on tiie surface of the veiscle, thereby permittmg 
interaction with the desired target, for example, plaque or macrophages associated 
therewith. The diluents which can be employed to create such an aqueous environment 
include, for example, water, including deionized water or water containing one or more 
dissolved solutes, such as salts, which preferably do not interfere with the formation and/or 
stability of the vesicles or flieir use as diagnostic agents, such as ultrasound contrast agents, 
MRI contrast agents or CT contrast agents; and normal saline and physiological saline. 

As noted above, the present compositions may further optionally comprise 
an oil. For purposes of the present disclosure, the terms "oil", "oils", and variations fliereof 
as used throughout the application, will be understood to include waxes and fats. Preferred 
oils, waxes and fats are those having melting points under lOO^C. Especially preferred are 
synthetic oils with melting points between -20°C and 66*^C, more preferably those melting 
less than 60^C, and most preferably those melting less than 42^C. In this aspect, oils and 
waxes are generally used to dissolve bioactive agents, but may also be used to suspend 
crystals of dried bioactive agents, e.g., etoposide or bleomycin. Waxes melting at 
tCTiperatures above 60^C may also be used, but generally lower melting point waxes are 
preferred. Many natural oils known in liie literature may be useful in the present invention. 
The melting points of some conventional oils are difficult to determine due to a 
multicomponent nature which decompose upon state change. 

Preferred among the oils useful in the methods and compositions of the 
present invention are low viscosity oils. The term "low viscosity", as used herein, refers to 
materials which may have a viscosity at ambient room temperature ranging from about 1 
centipoise to about 4,000 centipoise, and all combinations and subcombinations of ranges 
and specific viscosities therein. Preferably, the low viscosity oils have a viscosity at 
ambient room temperature of firom about 1 centipoise to about 2,000 centipoise, with 
viscosities of about 1 to about 1,000 centipoise being preferred, and viscosities of about 1 
to about 500 centipoise or less being more preferred. Low viscosity oils may be desirably 
capable of maintaining the acoustic properties of the contrast agents, particularly in 
connection with contrast agmts based on lipids, for example, lipid based microbubbles. 
Particularly preferred low viscosity oils include, for example, triacetin, diacetin, and low 
viscosity mineral oils. 
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OthCT conunercially-available syntiietic oils and surfactants are also suitable 
to substitute for the oils listed above. Among such oils are those listed in Owen et al., U.S. 
Patent No. 5,633,226, the disclosure of which is hereby incorporated by reference herein, 
and include Captex 200 (a composition described in 5,633,226), Whitepsol H-15 and 
MYVACET 9-45K. Surfactants which can optionally be included from the same reference 
include capmul MCM, Myverol 18-92, Cremophor EL, Centrophase 31, derivatives of 
polyoxyediylene, and those disclosed in Brown, U.S. Patent No. 5,573,781 of Brown, ttie 
disclosure of which are hereby incorporated herein by reference in its entirety. 

Examples of oils, waxes and fasts suitable for the microspheres of flie 
invention include, but are not limited, to those listed in the following table: 

Table 1: MELTING POINTS OF WAXES- FATS AND OILS C'C\ 



OilsAVaxes/Fats Melting Point 

Jojoba 1 1 

Cay-cay 30 

Woolwax (anhydrous lanolin) 39.5 

Ucuhuba 42.5 

Spermaceti 44 

Hydrogenated Cocoa Oil 44 

Parrafin 45 - 68 

Orange skin 46 

Bayberry 47 

Cetyl alchol 49 

Japanwax 49 - 52 

Sorbitol distearate 50 

LanetteWax 50 

Sperniafol52 51 
Cetyl pahnitate 52 
Insect wax (Ceroplastes) 55 
Diglycol stearate 56.5 
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Indian Arjun 59 

Pliowax 55.5 

Ponderosa bark 58 

Chinese tallow tree 57 



Carbowax stearate 


57 




Cetyl acetamide 


59 




Jasmine floral 


60 




Beeswax 


62 




Saturated Fattv Acids 


Melting Point 


Natural Origin 


Formic 


8.4 




Acetic 


16.6 




Propionic 


-22 




Butyric 


-8 


Milk&t 


Valeric 


-34.5 




Caproic 


-3.4 


Coconut Oil, 0.5% 


Enanthic 


-7.5 




Caprylic 


16.7 


Coconut Oil, 9% 


Jreiargonic 






Capric 


31.6 


Coconut Oil, Elm Seed Oil 


Hendecanoic 


28.5 




Laurie 


44.2 


Coconut Oil, Palm Kemal Oil 


Tridecanoic 


41.5 




Myristic 


54.4 


Nutmeg Fat 


Pentadecanoic 


52.3 




Palmitic 


62.9 


Pahn Oil, Cottonseed Oil 


Unsaturated Fattv Acids 


Melting Point 


Natural Orifiin 


Linderic 


5.3 


Seed Fat 


Tsuzuic 


18.5 


Seed Fat 


Palmitoleic 


0.5 


Soybean Oil, Sea Algaes 
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Petroselinic 


30 


Parsley seed oil 


Oleic 


16.3 


Widely distributed 


Elaidic 


43.7 


Partially hydrogenated fats 


&ucic 


33.5 


Mustard Seed Oil 


Brassidic 


60 


trans Isomer of Erucic 


Linoleic 


-5 


very widely distributed 


Linolenic 


-11 


Linseed oils 


Santalbic 


42 


seed fat 


a-Eleostearic 


49 


Tung oil 


Pimicic 


44 


Pomegranite seed oil 


Synthetic Fats 


Melting Point 




Triolein 


-4.5 




Trimyristin 


56 




Triacetin 


-78 




Tripalmitin 


66 




Tristearin 


55 




Tributyrin 


-75 




Glyceryl Monooctanoate 


29 




Glyceryl Monosterate 


57 




Natural Fats 


Melting Point 




Beef tallow 


43 




Mutton tallow 


47 




Lard 


41.5 




Butter 


31 




Cacao Butter 


24.5 




Laurel Oil 


33 




Palm OU 


30 




Cocoa Nut Oil 


24 




Nutmeg Butter 


43.5 
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Soybean Oil 


-13 (average) 


Rapeseed Oil 


-6 (average) 


Com Oil 


-14 (average) 


Castor Oil 


-14 (average) 


Japanese Anise Oil 


-12.5 (average) 


Oil of Eucalyptus 


-15.5 


Mustard Seed Oil 


-12 (average) 


Rose Oil 


20 


Almond Oil 


-20 



Fluorinated triglyceride oils may be prepared by reacting a reactive 
fluorinated species, such as for example, a fluorine gas, with unsaturated triglyceride oils 
to produce the desired fluorinated triglyceride. 

A wide variety of diagnostic agents may be targeted to plaques using the 
methods and compositions of the present invention. Exemplary of such diagnostic agents 
include, for example, gas and/or gaseous precursor filled vesicles for ultrasound imaging, 
radionuclides for nuclear medicine, paramagnetic and superparamagnetic materials for 
magnetic resonance imaging, radiodense materials for X-ray imaging, optically active 
materials for optical imaging and combinations agents for Hall effect imaging and 
optoacoustic imaging. 

It is contemplated that the compositions of the present invention are 
particularly useful in connection with ultrasound, including diagnostic and therapeutic 
ultrasound. The use of the present compositions in ultrasound is described throughout the 
present disclosure. 

As noted above, the present compositions may also be employed in 
connection with computed tomography (CT) imaging. CT suffers firom various drawbacks, 
and is generally less effective as compared to the diagnostic techniques discussed above. 
Nevertheless, if a high enough concentration of the present contrast media, and especially 
gas filled vesicle compositions, is delivered to the region of interest, for example, a blood 
clot, the clot can be detected on the CT images by virtue of a deorease in the overall 
density of the clot In general, a concentration of about 1/10 of 1% of gas filled vesicles or 
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higher (on a volume basis), may be needed to delivered to the region of interest, including 
the aforementioned blood clot, to be detected by CT. 

Exemplary paramagnetic and superparamagnetic contrast agents suitable for 
use in the present compositions include, for example, stable free radicals, such as, for 
example, stable nitroxides, as well as compounds comprising transition, lanthanide and 
actinide elements, which may, if desired, be in the form of a salt or may be covalently or 
non-covalently bound to complexing agmts, including lipophilic derivatives thereof, or to 
proteinaceous macromolecules. 

Preferable transition, lanthanide and actinide elements include, for example, 
Gd(III), Mn(II), Cu(II), Cr(III), Fe(II), Fe(III), Co(II), Er(II), Ni(II), Eu(III) and Dy(III). 
More preferably, the elements may be Gd(III), Mn(II), Cu(II), Fe(II), Fe(III), Eu(in) and 
DyCni), especially Mn(II) and Gd(III). Additional paragmagnetic and superparamagnetic 
materials are set forth in U.S. Patent No. 5,312,617, the disclosure of which is hereby 
incorporated by reference herein, in its entirety. 

The foregoing elements may, if desired, be in the form of a salt, including 
inorganic salts, such as a manganese salt, for example, manganese chloride, manganese 
carbonate, manganese acetate, and organic salts, such as manganese gluconate and 
manganese hydroxylapatite. Other exemplary salts include salts of iron, for example, iron 
sulfides and ferric salts such as ferric chloride. 

These elements may also, if desired, be bound, for example, through 
covalent or noncovalent association, to complexing agents, including Upophilic derivatives 
thereof, or to proteinaceous macromolecules. Preferable complexing agents include, for 
example, diethylenetriammepentaacetic acid PTPA), ethylene-diaminetetraacetic acid 
(EDTA), l,4,7,10-tetraazacyclododecane-N,N',lSr,lSP"-tetraaceticacid (DOTA), 1,4,7,10- 
tetraazacyclododecane-NJSP,N"-triacetic acid (DOTA), 3,6,9-triaza-12-oxa-3,6,9- 
tricarboxymethylene-lO-carboxy-13-phenyl-tridecanoic acid (B-19036), 
hydroxyben2ylethylenediamine diacetic acid (HBED), N,lsr-bis(pyridoxyl-5- 
phosphate)ethylene diamine, HN-diacetate (DPDP), l,4,7-triazacyclononane-N,N',]Sr*- 
triacetic acid (NOTA), 1,4,8,1 l-tetraazacyclotetradecane-N,N'J>J",N*"-tetraacetic acid 
(TBTA), kryptands (macrocyclic complexes), and desferrioxainine. More preferably, the 
complexmg agents are EDTA, DTP A, DOTA, DOS A and kryptands, most preferably 
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DTP A. Preferable lipophilic coroplexes include alkylated daivatives of tiie complexing 
agents EDTA, DOTA, for example, NjNr-bis-(carboxydecylamidomethyl-N-2,3- 
dihydroxypropyl)-ethylenediamine-N,lSr-diacetate (EDTA-DDP); N^-bis-(carboxy- 
octadecylaraido-methyl-N-23-dihydroxypropyl)ethylenediamine-N,N'-^ (EDTA- 
ODP); N,N'-Bis(carboxy4aurylamidomethyl-N-2,3-dihydroxypropyl) 
N.N'-diacetate (EDTA-IJ)P); and the like, including those described in U.S. Patent No. 
5,312,617, the disclosures of which are hereby incorporated herein by reference, in their 
entirety. Preferable proteinaceous macromolecules include, for example, albumin, 
collagen, polyarginine, polylysine, polyhistidine, y-globulm and p-globulin, with albumin, 
polyarginine, polylysine, and polyhistidiQe being more preferred. 

Suitable complexes therefore include Mn(ir)-DTPA, Mn(II)-EDTA, Mn(II)- 
DOTA, Mn(II)-D03 A, Mn(II)-kryptands, Gd(III)-DTP A, Gd(III)-DOTA, Gd(III)-D03 A, 
Gd(III)-kiyptands, Cr(III)-EDTA, Cu(II)-EDTA, or iron-desferrioxamine, especially 
Mn(II)-DTPA or Gd(ni)-DTPA. 

Nitroxides are paramagnetic contrast agents which increase both Tl and T2 
relaxation rates on MRI by virtue of the presence of an unpaired electron m the nitroxide 
molecule. As known to one of ordinary skill in tiie art, ,the paramagnetic effectiveness of a 
given compound as an MRI contrast agent may be related, at least in part, to the number of 
unpaired electrons in the paramagnetic nucleus or molecule, and specifically, to the square 
of the number of unpaired electrons. For example, gadolinium has seven impaired 
electrons whereas a nitroxide molecule has one unpaired electron. Thus, gadolinium is 
generally a much strongs MRI contrast agent than a nitroxide. However, effective 
correlation time, another important parameter for assessing the effectiveness of contrast 
agents, confers potential increased relaxivity to the nitroxides. When the tumbling rate is 
slowed, for example, by attaching the paramagnetic contrast agent to a large molecule, it 
will tu^ible more slowly and thereby more effectively transfer energy to hasten relaxation 
of the water protons. In gadolinium, however, the electron spin relaxation time is rapid 
and will limit the extent to which slow rotational correlation times can increase relaxivity. 
For nitroxides, however, the electron spin correlation times are more favorable and 
tremendous increases in relaxivity may be attained by slowing the rotational correlation 
time of these molecules. The gas filled vesicles of the present invention are ideal for 
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attaimng the goals of slowed rotational correlation times and resultant improvement in 
relaxivity. Although not intending to be bound by any particular theory of operation, it is 
contemplated that since the nitroxides may be designed to coat the perimeters of the 
vesicles, for example, by making alkyl derivatives thereof, the resulting correlation times 
5 can be optimized. Moreover, the resulting contrast medium of the present invention may 

be viewed as a magnetic sphere, a geometric configuration which maximizes relaxivity. 

If desired, the nitroxides may be alkylated or otherwise derivatized, such as 
the nitroxides 2,2,5,5-tetramethyH-pyrrolidinyloxy, free radical, and 2,2,6,6-tetramethyl- 
1-piperidinyloxy, free radical (TMPO). 

10 Exemplary superparamagnetic contrast agents suitable for use in the 

compositions of the present invention include metal oxides and sulfides which experience a 
magnetic domain, ferro- or ferrimagnetic compounds, such as pure iron, magnetic iron 
oxide, such as magnetite, y-FejOa, Fe304, manganese ferrite, cobalt ferrite and nickel 
ferrite. Paramagnetic gases can also be employed in the present compositions, such as 

15 oxygen 17 gas ("O2). In addition, hypeipolarized xenon, neon, or heUum gas may also be 

employed. MR whole body imaging may then be employed to rapidly screen the body, for 
example, for thrombosis, and ultrasound may be applied, if desfred, to aid in thrombolysis. 

The contrast agents, such as the paramagnetic and superparamagnetic 
contrast agents described above, may be employed as a component within the lipid and/or 

20 vesicle compositions. In the case of vesicle compositions, the aforementioned contrast 

agents may be entrapped within the internal void thereof, administered as a solution with 
the vesicles, incorporated with any additional stabilizing materials, or coated onto the 
surface or mratibrane of the vesicle. 

If desired, the paramagnetic or siqperparamagnetic agents may be delivered 

25 as alkylated or other derivatives incorporated into the compositions, especially the lipidic 

walls of the vesicles. M particular, the nitroxides 2,2,5,5-tetramethyH-pyrrohdinyloxy, 
free radical and 2,2,6,6-tetramethyl-l-piperidinyloxy, free radical, can form adducts with 
long chain fatty acids at the positions of the ring which are not occupied by the methyl 
groups via a variety of linkages, including, for example, an acetyloxy linkage. Such 

30 adducts are very amenable to incorporation into the lipid and/or vesicle compositions of the 

present invention. 
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Mixtures of any one or more of the paramagnetic agents and/or 
superparamagnetic agents in the present compositions may be used. The paramagnetic and 
s\q)erparamagnetic agents may also be coadministered separately, if desired. 

The lipid and/or vesicle compositions of the present invention, and 
especially the vesicle compositions, may serve not only as effective carriers of the 
siq)eiparamagnetic agents described above, but also may improve the effect of the 
susceptibility contrast agents. Superparamagnetic contrast agents include metal oxides, 
particularly iron oxides but including manganese oxides, and as iron oxides, containing 
varying amounts of manganese, cobalt and nickel which experience a magnetic domain. 
These agents are nano or microparticles and have very high bulk susceptibilities and 
transverse relaxation rates. The larger particles, for example, particles having diameters of 
about 100 nm, have much higher R2 relaxivities as compared to Rl relaxivities. The 
smaller particles, for example, particles having diameters of about 10 to about 15 nm, have 
somewhat lower R2 relaxivities, but much more balanced Rl and R2 values. Much 
smaller particles, for example, monocrystalline iron oxide particles having diameters of 
about 3 to about 5 nm, have lower R2 relaxivities, but probably the most balanced Rl and 
R2 relaxation rates. Ferritin can also be formulated to encapsulate a core of vwy hig;h 
relaxation rate superparamagnetic iron. It has been discovered that the Upid and/or vesicle 
compositions, especially vesicle compositions, including gas filled vesicles, can increase 
the eflacacy and safety of these conventional iron oxide based MRI contrast agents. 

The iron oxides may simply be incorporated into tiie lipid and/or vesicle 
compositions. Preferably, in the case of vesicles formulated &om Upids, the iron oxides 
may be incorporated into the walls of the vesicles, for example, by being adsorbed onto the 
surfaces of the vesicles, or entrapped within the interior of the vesicles as described in U.S. 
Patent 5,088,499, the disclosures of which are hereby incorporated herein by reference in 
their entirety. 

Without being bound to any particular theory or theories of operation, it is 
believed that the vesicles of the present invention increase the efficacy of the 
superparamagnetic contrast agents by several mechanisms. First, it is believed that the 
vesicles function to increase the apparent magnetic concentration of the iron oxide 
particles. Also, it is believed that the vesicles increase the apparent rotational correlation 
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time of the MRI contrast agents, including paramagnetic and superparamagnetic agents, so 
that relaxation rates are increased. In addition, the vesicles appear to increase the apparent 
magnetic domain of the contrast medium according to the manner described hereinafter. 

Certain of the vesicles of the present invention, and especially vesicles 
formulated from lipids, may be visualized as flexible spherical domains of differing 
susceptibility from the suspending medium, mcluding, for example, the aqueous 
suspension of the contrast medium or blood or other body fluids, for example, in the case 
of intravascular injection or injection into other body locations. In the case of ferrites or 
iron oxide particles, it should be noted that the contrast provided by these agents is 
dependent on particle size. This phenomenon is very common and is often referred to as 
the "secular" relaxation of the water molecules. Described in more physical terms, this 
relaxation mechanism is dependent upon the effective size of the molecular complex in 
which a paramagnetic atom, or paramagnetic molecule, or molecules, may reside. One 
physical explanation may be described in the following Solomon-Bloembergen equations 
which define tiie paramagnetic contributions as a ftmction of the T, and T2 relaxation times 
of a spin 1/2 nucleus with gyromagnetic ratio g perturbed by a paramagnetic ion: 

1/TiM = (2/15) S(S + 1) Y^g'pVr^ [3x^(1 + cojV) + 
7x^1 + CDsV)] + (2/3) S(S+ 1) AW [Xe/(1 + (o^t,^)] 

and 

I/T2M = (1/15) S(S + 1) T^g^pVr* [4xc + 3xc/(l +a),V) + 

13X^(1 + Ws^c^] + (1/3) S(S+ 1)A2 [Xe /(I + CDs2Xe^)] 

where: 

S is the electron spin quantum number; 
g is the electronic g &ctor; 
p is the Bohr magneton; 

col and ©s (657 wO is the Lannor angular precession frequencies for the 
nuclear spins and electron spins; ^ 
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r is the ion-nucleus distance; 

A is the hyperfine coupling constant; 

and Xg are tiie correlation times for the dipolar and scalar 

interactions, respectively; and 
h is Planck's constant 

See, e.g., Solomon, L Phys. Rev. Vol. 99, p. 559 (1955) and Bloembergen, N. J. Chem. 
Phys. Vol. 27, pp. 572, 595 (1957). 

A few large particles may have a much greater effect than a larger nxmxber 
of much smaller particles, primarily due to a larger correlation tune. If one were to make 
the iron oxide particles very large however, increased toxicity may result, and the lungs 
may be embolized or the complement cascade system may be activated. Furthermore, it is 
beheved that the total size of the particle is not as important as the diameter of the particle 
at its edge or outer surface. The domain of magnetization or susceptibiUty effect falls ofT 
exponCTtially fiom tiie surface of the particle. Generally speaking, in the case of dipolar 
(through space) relaxation mechanisms, this exponential fall off exhibits an r^ dependence 
for a paramagnetic dipole-dipole interaction. Interpreted literally, a water molecule that is 
4 angstroms away fix>m a paramagnetic surface will be influenced 64 times less than a 
water molecule that is 2 angstroms away from the same paramagnetic surface. The ideal 
situation in terms of maximizing the contrast effect would be to make the iron oxide 
particles hollow, flexible and as large as possible. It has not been possible to achieve this 
heretofore and it is beUeved that the benefits have been unrecognized heretofore also. By 
coating the inner or outer surfaces of the vesicles with the contrast agents, even though the 
individual contrast agents, for example, iron oxide nanoparticles or paramagnetic ions, are 
relatively small structures, the effectiveness of the contrast agents may be greatly 
enhanced. In so doing, the contrast agents may function as an effectively much larger 
sphere wherein the effective domain of magnetization is determined by the diameter of the 
vesicle arid is maximal at the surface of the vesicle. These agents afford the advantage of 
flexibility, namely, compliance. While rigid vesicles might lodge in the lungs or other 
organs and cause toxic reactions, these flexible vesicles slide through the csqpillaries much 
more easily. 



79 



wo 03/061593 



PCT/US03/02024 



In contrast to the flexible vesicles described above, it may be desirable, in 
certain circumstances, to formulate vesicles fix>m substantially impermeable polymeric 
materials including, for example, polymethyl methacrylate. This would generally result in 
the formation of vesicles which may be substantially impermeable and relatively inelastic 
and brittle. In embodiments involving diagnostic imaging, for example, ultrasound, 
contrast media which comprise such brittle vesicles would generally not provide the 
desirable reflectivity that the flexible vesicles may provide. However, by increasing the 
powCT ou^ut on ultrasound, the brittle microsphrares can be made to rupture, thereby 
cavising acoustic emissions which can be detected by an ultrasound transducer. 

Nuclear Medicine Imaging (NMI) may also be used in connection with the 
diagnostic and thorapeutic method aspects of the present invention. For example, NMI 
may be used to detect radioactive gases, such as Xe"^ which may be incorporated in the 
present compositions in addition to, or instead o^ the gases discussed above. Such 
radioactive gases may be entrapped within vesicles for use in detecting, for example, 
thrombosis. Preferably, bifimctional chelate derivatives are incorporated in the walls of 
vesicles, and the resulting vesicles may be employed in both NMI and ultrasound. In this 
case, high energy, high quality nuclear medicme imaging isotopes, such as technitimn, 
indium, iodine, gallium and other radioactive elements can be incorporated in tiie walls of 
vesicles. Whole body gamma scanning cameras can then be employed to rapidly localize 
regions of vesicle uptake in vivo. If desired, ultrasound may also be used to confirm the 
presence, for example, of a plaque within the blood vessels, since ultrasound generally 
provides inq)roved resolution as compared to nuclear medicine techniques. NMI may also 
be used to screen the entire body of the patient to detect areas of vascular thrombosis, and 
ultrasound can be appUed to these areas locally to promote rupture of the vesicles and 
thereby treat the plaque. In embodiments involving the aforementioned isotopes, tiie 
compositions may further comprise chelates such as EDTA, DTPA, DOTA and other 
macrocycles. Additional suitable chelates are disclosed in U.S. Patent No. 5,458,127, the 
disclosure of which is hereby incorporated harein by reference, in its entirety. For PET 
scanning, the present compositions may be used to deliver PET isotopes of fluorine and 
oxygen, rubidium and other positron emitting isotopes. For therapy with radioactivity, tiie 
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* piresent compositions may be used to deliver therapeutic isotopes such as yttrium and 
strontium. 

For X-ray imagmg, the presCTit compositions may be used to deliver agents 
with a difference in radiodensity between the plaque being targeted and the agent being so 
employed. Suitable agents may comprise a low density material, including the gases 
described above, but is more preferably a metal ion with high radiodensity, e.g., iodinated 
agents such as iothalamate, ioxaglate and the like, or other high density materials such as 
bismuth, lead, strontium and tungsten. For optical imaging, the compositions may be 
employed with time of flight imaging (e.g. using reflected Ught), transmitted light imaging, 
optical coherence tomography as well as other optical imaging techniques. The materials 
carried by the targeting ligands to plaque will change the acoustic reflectivity or 
absorbtivity of the plaque. Such materials may comprise gaseous bodies, such as argon or 
neon, or metal ions but preferably will comprise fluorescent materials, including porphyrin 
derivatives, may also be used. Additional photosensitive agents which may be employed 
in the present compositions are described in U.S. Patent No. 6,123,923, the disclosure of 
which is hereby incorporated herein by reference, in its entirety. 

Elastography is an imaging technique which generally employs much lower 
frequency soimd, for example, about 60 KHz, as compared to ultrasound which can involve 
over frequencies of over 1 MHz. In elastography, the sound energy is generally applied to 
the tissue and the elasticity of the tissue may then be determined. In connection with 
preferred embodiments of the invention, which involve highly elastic vesicles, the 
deposition of such vesicles onto, for example, a vascular plaque, increases the local 
elasticity of the tissue and/or the space surroimding the plaque. This increased elasticity 
may then be detected with elastography. If desired, elastography can be used in 
conjunction with other imaging techniques, such as MRI and ultrasoimd. 

In a combination type imaging, the present compositions may be used to 
deliver one or more agents for interaction with multiple energy sources. In Hall effect 
imaging, a tissue may be vibrated within a magnetic field. Such vibration may be 
accompUshed with ultrasound imaging, e.g. by insonating a tissue within a magnetic field. 
By incorporating a material that changes the magnetic properties, acoustic prop^es or 
electrical properties of the material, tiien in a Hall effect imaging regime the targeted 
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contrast agents may amplify flie signal from the plaque. Similarly, although iising li^t 
and sound, optoacoustic imaging, can be used to detect carriers bound to the plaque when 
such materials are optically and/or acoustically active. Methods and apparatus which may 
be suitable for carrying out combination type imaging are disclosed, for example, in U.S. 
Patent No. 5,558,092, the disclosure of which is hereby incorporated herein by reference, 
in its entirety. 

The targeted compositions of the preset invention may also be used to 
deliver electrically active materials for electrical impedance imaging. Among these agents 
are physiologically acceptable salts of 3-acetylamino-2,4,6-triiodobenzoic acid, 3,5- 
diacetamido-2,4,6-triiodobenzoic acid, 2,4,6-triiodo-3,5-dipropionamido-benzoic acid, 3- 
acetylamino-5-((acetylamino)methyl)-2,4,6-triiodobenzoic acid, 3-acetylamiQO-5- 
(acetylmethylamino)-2,4,6-triiodobenzoic acid, 5-acetainido-2,4,6-triiodo- 
N-((methylcaibamoyl)methyl)-isophthalamic acid, 5-(2-methoxyacetamido)- 
2,4,6-triiodo-N-[2-hydroxy-l-(methylcaibamoyl)-ethyl]4sophthalaniicacid, 5-acetamido- 
2,4,6-triiodo-N-methylisophthalamic acid, 5-acetamido-2,4,6-triiodo-N-(2-hydroxyethyl)- 
isophthalamic acid, 2-[[2,4,6-triiodoO-[(l-oxobutyl)-aniino]phenyl]methyl]butanoic acid, 
beta-(3-amino-2,4,6-triiodophenyl)-alpha-ethyl-propanoic acid, 3-ethyl-3-hydroxy-2,4,6- 
triiodophenylpropanoic acid, 3-[[(dimethylainino)-methyl]ariiino]-2,4,6-triiodophenyl- 
propanoic acid (see Chem. Ber. 93:2347 (I960)), alpha-ethyl-(2,4,6-triiodo-3-(2-oxo-l- 
pyrrolidinyl)- phenyl)-propanoic acid, 2-[2-[3-(acetylamino)-2,4,6- 
triiodophenoxy]ethoxymethyl]butanoic acid, N-(3-amino-2,4,6-triiodobenzoyl)-N-phenyl- 
beta-aminopropanoic acid, 3-acetyl-(3-ainino-2A6-triiodophenyl)amino]-2- 
methylpropanoic acid, 5-[(3-amino-2,4,6-triiodophenyl)methylamino]-5-oxypentanoic 
acid, 4-[ethyl-[2,4,6-triiodo-3-(methylainino)phenyl]ainino]-4-oxo-butanoic acid, 3,3- 
oxybis[2, 1 -ethanediyloxy-(l -oxo-2, 1 -ethanediyl)imino]bis-2,4,6-triiodobenzoic acid, 
4,7,10,13-tetraoxahexadecane-l,16-dioyl-bis(3-carboxy-2,4,6-triiodoanilide), 5,5- 
(azelaoyldiiniino)-bis[2,4,6-triiodo-3-(acetylamino)methyl-benzoic acid, 5,5'- 
(apidoldiimino)bis(2,4,6-triiodo-N-methyl-isophthalamic acid), 5,5'-(sebacoyl-diimino)- 
bis(2,4,6-triiodo-N-methylisophthalamic acid), 5,5-[N,N-diacetyl-(4,9-dioxy-2,ll- 
dihydroxy-l,12-dodecanediyl)diiinino]bis(2,4,6-triiodo-N-methyUsophthal^ 
5,5'5"-(iiitrilo-triacetyltriimino)tris(2,4,6-triiodo-N-methyWsophthal^ acid), 4-hydroxy- 
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3,5-diiodo-alpha-phenylbenzenq)ropanoicacid,,3,5-diiodo-4-oxo-l(4H)-pyridme 
aceticacid, l,4-dihydro-3,5-diiodo-l-methyl-4-oxo-2,6-pyridinedicarboxylicacid, and 5- 
iodo-2-oxo-l(2H)-pyridine acetic acid, andN-(2-hydroxyethyl)-2,4,6-triiodo-5-[2-[2,4,6- 
triiodcH3-(N-methylacetamido)-5-(me1hylcarbomoyl)benzamino]acet^ 

acid. 

O&er EH contrast agents include ionic compounds (such as for example 
GdDTPA and GdDOTA) which have been proposed for use as MRI contrast agents, 
especially the salts of paramagnetic metal complexes preferably chelate complexes) with 
physiologically compatible counterions, as well as similar coiiq)lexes in which the 
complexed metal ion is diamagnetic (as paramagnetism is not a property required for the 
EH contrast agent to function as such). Preferred complexed paramagnetic metal ions 
include ions of Gd, Dy, Eu, Ho, Fe, Cr and Mn and preferred non paramagnetic complexed 
ions include ions of Zn, Bi and Ca. 

The complexing agent will preferably be a chelating agent such as a linear, 
branched or cyclic polyamine or a derivative thereof^ e.g. a polyaminocarboxylic add or a 
polyaminopolyphosphonic acid or a derivative of such an acid, e.g. an amide or ester 
thereof. Particular mention in this regard may be made of DTPA, DTPA-bisamides (e.g. 
DTPA-bismethylamide and DTPA-bismorpholide), DTPA-bis(hydroxylated-amides), 
DOTA, D03A, hydroxypropyl-D03A, TETA, OTTA (1,4,7-triaza-lO- 
oxacyclododecanetricaiboxylic acid), EHPG, HIDA, PLED, DCTA and DCTP. 

In addition to the aforementioned diagnostic imaging techniques, the 
present compositions can be used in a variety of ttierapeutic treatment modalities. For 
example, bioactive agents, for exanq)le, drugs, may be incorporated in the present 
compositions. Useful bioactive agents include, for example, statins, such as lovastatin, 
pravastatin, simvastatin, cerivastatin, fluvastatin, atrovastatin, eptastatm or mevastatin, 
antineoplastic agents, such as platinum compounds (e.g., spiroplatin, cisplatin, and 
carboplatin), methotrexate, adriamycin, mitomycm, ansamitocin, bleomycin, cytosine 
arabinoside, arabinosyl adenine, mercaptopolylysine, vincristine, busulfan, chlorambucil, 
melphalan (e.g., PAM, L-PAM or phenylalanine mustard), mercaptopurine, mitotane, 
procarbazine hydrochloride dactinomycin (actinomycin D), daunorubicin hydrochloride, 
doxorubicin hydrochloride, taxol, mitomycin, plicamycin (mitiiramycin). 
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aminoglutethimide, estramustine phosphate sodium, flutamide, leuproUde acetate, 
megestrol acetate, tamoxifen citrate, testolactone, trilostane, amsacrine (m-AMSA), 
asparaginase (L-asparaginase) Erwina asparaginase, etoposide (VP-16), interferon a-2a, 
interferon a-2b, teniposide (VM-26), vinblastine sulfate (VLB), vincristine sulfate, 
bleomycin, bleomycin sulfete, methotrexate, adriamycin, and arabinosyl; blood products 
such as parenteral iron, hemin, hematoporphyrins and their derivatives; biological response 
modifiers such as muramyldipeptide, muramyltripeptide, microbial cell wall components, 
lympholdnes (e.g., bacterial endotoxin such as Upopolysaccharide, macrophage activation 
factor), sub-units of bacteria (such as Mycobacteria, Corynebacteria), the synthetic 
dipeptide N-acetyl-muramyl-L-alanyl-D-isoglutamine; anti-fungal agents such as 
ketoconazole, nystatin, griseofulvin, flucytosine (5-fc), miconazole, amphotericin B, ricin, 
and p-lactam antibiotics (e.g., sulfazecin); hormones such as growth hormone, melanocyte 
stimulating hormone, estradiol, beclomethasone dipropionate, betamethasone, 
betamethasone acetate and betamethasone sodium phosphate, vetamethasone disodium 
phosphate, vetamethasone sodium phosphate, cortisone acetate, dexamethasone, 
dexamethasone acetate, dexamethasone sodium phosphate. flunisoUde, hydrocortisone, 
hydrocortisone acetate, hydrocortisone cypionate, hydrocortisone sodium phosphate, 
hydrocortisone sodium succinate, methylprednisolone, methylprednisolone acetate, 
methylprednisolone sodium succinate, paramethasone acetate, prednisolone, prednisolone 
acetate, prednisolone sodium phosphate, prednisolone tebutate, prednisone, triamcinolone, 
triamcinolone acetonide, triamcinolone diacetate, triamcinolone hexacetonide and 
fludrocortisone acetate; vitamins such as cyanocobalamin neinoic acid, retinoids and 
derivatives such as retinol paknitate, and a-tocopherol; peptides, such as manganese super 
oxide dismutase; enzymes such as alkaline phosphatase; anti-allergic agents such as 
amelexanox; anti-coagulation agents such as phenprocoumon and heparin; circulatory 
drugs such as propranolol; metaboUc potentiators such as glutathione; antituberculars such 
as para-aminosaUcyUc acid, isoniazid, capreomycin sulfate cycloserine, ethambutol 
hydrochloride ethionamide, pyrazinamide, rifampin, and streptomycin sulfate; antivirals 
such as acyclovir, amantadine azidothymidine (AZT or Zidovudine), ribavirin and 
vidarabine monohydrate (adenine arabinoside, ara-A); antianginals such as diltiazem. 
nifedipine, ver^amil, erythritol tetranitrate. isosoibide dinitrate, nitroglycerin (glyceryl 
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triaitrate) and pentaerythritol tetramtrate; anticoagulants such as phejoprocoumon, heparin; 
antibiotics such as dapsone, chloramphenicol, neomycin, cefaclor, cefadroxil, cephalexin, 
cephradine erj^omycin, clindamycin, lincomycin, amoxicillin, ampicillin, bacampicillin, 
carberdcillin, dicloxacillin, cyclacillin, picloxacillm, hetacillin, methicillin, nafcillin, 
oxacillin, penicillin G, penicillin V, ticarcillin rifampin and tetracycline; 
an tiinfl a mm atories such as diflunisal, ibuprofro, indomethacin, meclofenamate, mefenamic 
acid, naproxen, oxyphenbutazone, phenylbutazone, piroxicam, sulindac, tohnetin, aspirin 
and salicylates; antiprotozoans such as chloroquine, hydroxychloroquine, metronidazole, 
quinine and meglumine antimonate; antirheumatics such as penicillamine; narcotics such 
as paregoric; opiates such as codeine, heroin, methadone, morphine and opium; cardiac 
glycosides such as deslanoside, digitoxin, digoxin, digitalin and digitahs; neuromuscular 
blockers such as atracurium mesylate, gallamine triethiodide, hexafluoreniimi bromide, 
metocurine iodide, pancuronium bromide, succinylcholine chloride (suxamethonium 
chloride), tubocurarine chloride and vecuronium bromide; sedatives (hypnotics) such as 
amobarbital, amobarbital sodium, aprobarbital, butabarbital sodium, chloral hydrate, 
ethchlorvynol, ethinamate, flurazepam hydrochloride, glutetimnide, methotrimeprazine 
hydrochloride, methyprylon, midazolam hydrochloride, paraldehyde, pentobarbital, 
pentobarbital sodium, phenobarbital sodium, secobarbital sodium, talbutal, temazepam and 
triazolam; local anesthetics such as bupivacaine hydrochloride, chloroprocaine 
hydrochloride, etidocaine hydrochloride, lidocaine hydrochloride, mepivacaine 
hydrochloride, procaine hydrochloride and tetracaine hydrochloride; general anesthetics 
such as droperidol, etomidate, fentanyl citrate with droperidol, ketamine hydrochloride, 
methohexital sodium and thiopental sodiimi; and radioactive particles or ions such as 
strontium, iodide rhraimn and yttrium. Other suitable bioactive agents include the 
camptotheca alkaloids and derivatives thereof including, for example, camptothecin and 
ester or amide derivatives thereof, particularly at the 7, 9, 10, 1 1 and 20 ring positions, as 
well as irinotecan, topotecan and SN-38. 

Additional bioactive agents which may be employed in the present 
compositions are disclosed in U.S. Patent No. 5,770,222, the disclosure of which is hereby 
incorporated herein by reference, in its entirety. 
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Preferably, the bioactive agent employed in the present methods and 
compositions is a statin, with the statms lovastatin, pravastatin, simvastatin, cerivastatin, 
fluvastatin, atrovastatin, eptastatin and mevastatin being more preferred. 

The Upid and/or vesicle compositions of the present invention may be 
prepared using any of a variety of suitable methods. These are described below separately 
for the embodiments involving Upid compositions and a gas, including gas filled vesicles, 
and embodiments involving Upid compositions and a gaseous precursor, mcluding gaseous 
precursor filled vesicles, although compositions comprising both a gas and gaseous 
precursor form a part of the present invention. 

A targeting Ugand may be attached to the gas or gaseous precursor filled 
vesicle by bonding to one or more of the materials employed in the compositions firom 
which tiiey are made, including the Upids, polymers and/or auxiUary stabiUzing materials, 

as described above. 

A wide variety of methods are available for tiie preparation of the 
compositions, including vesicle compositions, such as micelles and/or Uposomes. Included 
among tiiese methods are, for example, shaking, drying, gas-installation, spray drying, and 
tiie like. Suitable metiiods for preparing vesicle compositions are described, for example, 
in U.S. Patent No. 5,469,854, the disclosures of which are incorporated herein by 
reference. As noted above, tiie vesicles are preferably prepared from Upids which remain 
in the gel state. 

With particular refwence to the preparation of miceUe compositions, the 
foUowing discussion is provided. Micelles may be prepared using any one of a variety of 
conventional miceUar preparatory metiiods which will be apparent to tiiose skilled in tiie 
art. These metiiods typicaUy involve suspension of tiie Upid compound in an organic 
solvent, evaporation of flie solvent, resuspension in an aqueous medium, sonication and 
centrifiigation. The foregoing metiiods, as weU as otiiers, are discussed, for example, in 
Canfield et al.. Methods in Enzymology, Vol. 189, pp. 418-422 (1990); El-Gorab et al, 
Biochem. Biophys. Acta, Vol. 306, pp. 58-66 (1973); Colloidal Surfactant, Shinoda, K., 
Nakagana, Tamamushi and Isejura, Academic Press, NY (1963) (especiaUy "The 
Formation of MiceUes", Shinoda, Ch8q)ter 1, pp. 1-88); Catalysis in MiceUar and 
Macromolecular Systems, Fendler and Fendler, Academic Press, NY (1975). The 
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disclosures of each of the foregoing pubUcations are incorporated by reference herein, in 
their entirety. 

As noted above, the vesicle composition may comprise liposomes. In any 
given Uposome, the Upid compound(s) may be in the form of a monolayer or bilayer, and 
the mono- or bilayer Upids may be used to form one or more mono- or bilayers. In the case 
of more than one mono- or bilayer, the mono- or bilayers are generally concentric. Thus, 
the Upids may be used to form unilamellar Kposomes (comprised of one monolayer or 
bilayer), oUgolamellar Uposomes (comprised of two or three monolayers or bilayers) or 
multilamellar Uposomes (comprised of more than three monolayers or bilayers). 

A wide variety of methods are available in connection with flie preparation 
of Uposome compositions. Accordingly, the Uposomes may be prepared using any one of a 
variety of conventional Uposomal preparatory techniques which wiU be apparent to those 
skiUed in the art. These techniques include, for example, solvent dialysis, French press, 
extrusion (with or without freeze-thaw), reverse phase evaporation, simple freeze-thaw. 
sonication, chelate dialysis, homogenization, solvent infusion, microemulsification, 
spontaneous formation, solvent vaporization, solvent dialysis, French pressure ceU 
technique, controlled detergent dialysis, and others, each involving the preparation of the 
vesicles in various fashions. See, e.g.. Madden et al.. Chemistry and Physics of Lipids, 
1990 55, 37-46, the disclosures of which are hereby incorporated herein by reference in 
then: entirety. Suitable freeze-thaw techniques are described, for example, in International 
AppUcation Serial No. PCT/US89/05040. filed November 8, 1989, the disclosures of 
which are incorporated herein by reference in their entirety. Methods which involve 
freeze-thaw techniques are preferred in connection with the preparation of Uposomes. 
Preparation of the Uposomes may be carried out in a solution, such as an aqueous saUne 
solution, aqueous phosphate buffer solution, or sterile water. The Uposomes may also be 
prepared by various processes which involve shaking or vortexing. This may be achieved, 
for example, by the use of a mechanical shaking device, such as a Wig-L-Bug^M (Crescent 
Dental, Lyons, IL), a Mixomat. sold by Degussa AG, Frankfurt, Germany, a Capmix, sold 
by Espe Fabrik Pharmazeutischer Praeparate GMBH & Co., Seefeld, Oberay Germany, a 
Silamat Plus, sold by Vivadent, Lechtenstem, or a Vibros, sold by Quayle Dental. Sussex, 
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England. Convaitional miCToemulsification equipment, such as a Microfluidizer™ 
(Microfluidics, Wobum, MA) may also be used. 

Spray drying may be also employed to prepare the gas-filled vesicles. 
Utilizing this procedure, the lipids may be pre-mixed in an aqueous environment and then 
spray dried to produce gas-filled vesicles. The vesicles may be stored under a headspace of 
a desired gas. 

Many Uposomal preparatory techniques which may be adapted for use in 
the preparation of vesicle compositions are discussed, for example, in U.S. Patent No. 
4,728,578; U.K. Patent Application GB 2193095 A; U.S. Patent No. 4,728,575; U.S. 
Patent No. 4,737,323; Intemational Application Serial No. PCT/US85/01161; Mayer et al., 
Biochimica etBiophysica Acta^ Vol. 858, pp. 161-168 (1986); Hope et al., Biochimica et 
Biophysica Acta, Vol. 812, pp. 55-65 (1985); U.S. Patent No. 4,533,254; Mayhew et al.. 
Methods in Enzymology, Vol, 149, pp. 64-77 (1987); Mayhew et al., Biochimica et 
Biophysica Acta, Vol 755, pp. 169-74 (1984); Cheng et al. Investigative Radiology, Vol. 
22, pp. 47-55 (1987); Intemational Application Serial No. PCT/US89/05040; U.S. Patent 
No. 4,162,282; U.S. Patent No. 4,310,505; U.S. Patent No. 4,921,706; andLiposome 
Technology, Gregoriadis, G„ ed.. Vol. I, pp. 29-31, 51-67 and 79-108 (CRC Press Inc., 
Boca Raton, FL 1984), the disclosures of each of which are hereby incorporated by 
reference herein, in their entirety. 

Lipid compositions comprising a gas can be prepared by agitating an 
aqueous solution containing, if desired, a stabilizing material, in the presence of a gas. The 
terai "agitating/' as used herein, means any shaking motion of an aqueous solution such 
that gas is introduced from the local ambirat environment into tihe aqueous solution. This 
agitation is preferably conducted at a temperature below the gel to liquid crystalline phase 
transition temporature of the lipid. The shaking involved in the agitation of the solutions is 
preferably of sufficient force to result in the formation of a lipid composition, including 
vesicle compositions, and particularly vesicle compositions comprising gas filled vesicles. 
The shaking may be by swirling, such as by vortexing, side-to-side, or up and down 
motion. Different types of motion may be combined. Also, the shaking may occur by 
shaking the container holding the aqueous lipid solution, or by shaking the aqueous 
solution within the container without shaking the container itself 



88 



wo 03/061593 



PCT/US03/02024 



The shaking may occur manually or by machine. Mechanical shakers that 
may be used include, for example, a shaker table such as a VWR Scientific (Cerritos, CA) 
shaker table, as well as any of the shaking devices described hereinbefore, wifli the Capmix 
(Espe Fabrik Phamiazeutischer Praeparate GMBH & Co., Seefeld, Oberay Germany) being 
preferred. It has been found that certain modes of shaking or vortexing can be used to 
make vesicles within a preferred size range. Shaking is preferred, and it is preferred that 
the shaking be carried out using the Espe Capmix mechanical shaker. In accordance with 
this preferred method, it is preferred that a reciprocating motion be utilized to generate the 
lipid compositions, and particularly vesicle compositions. It is even more preferred tiiat 
the motion be reciprocating in the form of an arc. It is contemplated that &e rate of 
reciprocation, as well as the arc thereof, is particularly important in connection with the 
formation of vesicles. Preferably, the number of reciprocations or full cycle oscillations is 
from about 1000 to about 20,000 per minute. More preferably, the number of 
reciprocations or oscillations is from about 2500 to about 8000, with reciprocations or 
oscillations of from about 3300 to about 5000 being even more preferred. Of course, the 
number of oscillations can be dependent upon the mass of the contents being agitated. 
GreneraUy spealdng, a larger mass requires fewer oscillations. Another means for 
producing shaking includes the action of gas emitted under high velocity or pressure. 

It will also be understood that preferably, with a larger volume of aqueous 
solution, the total amount of force will be correspondingly increased. Vigorous shaking is 
defined as at least about 60 shaking motions per minute, and is preferred. Vortexing at 
about 60 to about 300 revolutions per minute is more preferred. Vortexing at about 300 to 
about 1800 revolutions p^ minute is ev^ more preferred. 

In addition to the simple shaking methods described above, more elaborate 
methods can also be employed. Such elaborate methods include, for example, liquid 
crystalline shaking gas instillation processes and vacuiun drying gas instillation processes, 
such as those described in Unger, et al., U.S. Patent No. 5,580,275, the disclosures of 
which are incorporated herein by reference, in their entirety. Although any of a number of 
varying techniques can be used, the vesicle compositions employed in the present 
invention are preferably prepared using a shaking technique. Preferably, the shaking 
technique involves agitation with a mechanical shaking apparatus, such as an Espe Capmix 
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(Seefeld, Oberay Germany), u^g, for example, the techniques disclosed in Unger, et al., 
U.S. Patent No. 5,542,935, the disclosures of which are hereby incorporated herein by 

reference in their entirety. 

The size of gas filled vesicles can be adjusted, if desired, by a variety of 
procedures, including, for example, microemulsification, vortexing, extrusion, filtration, 
sonication, homogenization, repeated fireezing and thawing cycles, extrusion under 
pressure through pores of defined size, and similar methods. Gas filled vesicles prepared 
in accordance with the methods described herein can range in size fix)m less than about 1 

to greater than about 100 nm. In addition, after extrusion and sterilization procedures, 
which are discussed in detail below, agitation or shaking provides vesicle compositions 
which provide substantially no or minimal residual anhydrous Kpid phase in tiie remainder 
of the solution. (Bangham. A.D., Standish, M.M, & Wafldns, J.C., J. Mol. Biol Vol. 13, 
pp. 238-252 (1965). If desired, tiie vesicles of the present invention may be used as tiiey 
are formed, without any attempt at fiirther modification of the size tiiereof For 
intravascular use, the vesicles preferably have diameters of less than about 30 jim, and 
more preferably, less than about 12 \xm. For targeted intravascular use including, for 
example, binding to certain tissue, such as cancerous tissue, the vesicles can be 
significantiy smaller, for example, less than about 100 nm in diameter. For enteric or 
gastirointestinal use, the vesicles can be significantly larger, for example, up to a millimeter 
in size. Preferably, tiie vesicles are sized to have diameters of firom about 2 ^m to about 
100 (im. 

The gas filled vesicles may be sized by a simple process of extiiision 
through filters wherein tiie filter pore sizes control tiie size distiibution of tiie resulting gas 
filled vesicles. By using two or more cascaded or stacked set of filters, for example, a 10 
|im filter followed by an 8 jun filter, tiie gas filled vesicles can be selected to have a very 
narrow size distiibution around 7 to 9 ^m. After filtiation, tiiese gas filled vesicles can 

I 

remain stable for over 24 hours. 

The sizing or filtiation step may be accompUshed by tiie use, for example, 
of a filter assembly when tiie composition is removed firom a sterile vial prior to use, or 
more preferably, tiie filter assembly may be incorporated into a syringe during use. The 
metiiod of sizmg tiie vesicles will tiien comprise using a syringe comprising a barrel, at 
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least one filter, and a needle; and will be carried out by a step of extracting which 
comprises extruding the vesicles from the barrel through the filter fitted to the syringe 
between the barrel and the needle, thereby sizing the vesicles before they are administered 
to a patient. The step of extracting may also comprise drawing the vesicles into the 
syringe, where the filter will function in the same way to size the vesicles upon entrance 
into the syringe. Another altemative is to fill such a syringe with vesicles which have 
already been sized by some other means, in which case the filter now fimctions to ensure 
that only vesicles wifliin the desired size range, or of tiie desired maximum size, are 
subsequently administCTed by extrusion fix)m the syringe. 

In certain preferred embodiments, the vesicle compositions may be heat 
sterilized or filter sterilized and extruded throu^ a filter prior to shaking. Generally 
speaking, vesicle compositions comprising a gas may be heat sterilized, and vesicle 
compositions comprising gaseous precursors may be filter sterilized. Once gas filled 
vesicles are formed, they may be filtered for sizing as described above. Performing these 
steps prior to the formation of gas and gaseous precursor filled vesicles provide sterile gas 
filled vesicles ready for administration to a patient For example, a mixing vessel such as a 
vial or syringe may be filled with a filtered lipid composition, and the composition may be 
sterilized within the mixing vessel, for example, by autoclaving. Gas may be instilled into 
the composition to form gas filled vesicles by shaking the sterile vessel. Preferably, the 
sterile vessel is equipped with a filter positioned such that the gas filled vesicles pass 
through the filter before contacting a patient. 

The step of extruding the solution of lipid compound through a filter 
decreases the amount of unhydrated material by breaking up any dried materials and 
exposing a greater surface area for hydration. Preferably, the filter has a pore size of about 
0.1 to about 5 \im, more preferably, about 0.1 to about 4 jim, even more preferably, about 
0.1 to about 2 Mm, and still more preferably, about 1 ^mi. Unhydrated compound, which is 
generally undesirable, appears as amorphous clumps of non-imiform size. 

The sterilization step provides a composition that may be readily 
administered to a patient for diagnostic imaging including, for example, ultrasound or CT. 
In certain preferred embodiments, sterilization may be accomplished by heat sterilization, 
preferably, by autoclaving the solution at a temperature of at least about 100°C, and more 
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preferably, by autoclaving at about lOC^C to about ISO'^C, even more preferably, about 
1 10*^0 to about 130°C, still more preferably, about 120°C to about 130°C, and even more 
preferably, about 130°C. Preferably, heating occurs for at least about 1 minute, more 
preferably, about 1 to about 30 minutes, even more preferably, about 10 to about 20 
minutes, and still more preferably, about 15 minutes. 

If desired, the extrusion and heating steps, as outlined above, may be 
reversed, or only one of the two steps can be used. Other modes of sterilization may be 
used, including, for example, eiq)osure to gamma radiation. 

In addition to the aforCTientioned embodiments, gaseous precursors 
contained in vesicles can be formulated which, upon activation, for example, by exposure 
to elevated temperature, varying pH, or Ught, undergo a phase transition fix>m, for example, 
a liquid, including a Uqxiid entrapped in a vesicle, to a gas, expanding to create the gas 
filled vesicles described herein. This technique is described in detail in Unger, et al., U,S 
Patent No. 5,542,935 and Unger et al., U.S. Patent No. 5,585,1 12, the disclosures of which 
are incorporated herein by reference, in their entirety. 

The preferred method of activating the gaseous precursor is by exposure to 
elevated temperature. Activation or transition temperature, and like temis, refer to the 
boiling point of the gaseous precursor and is the temperature at which flie liquid to gaseous 
phase transition of the gaseous precursor takes place. Usefal gaseous precursors are those 
materials which have boiling points in the range of about -100°C to about 70°C. The 
activation temperature is particular to each gaseous precursor. An activation temperature 
of about 37°C, or about human body temperature, is preferred for gaseous precursors in the 
context of the present invention. Thus, in preferred form, a liquid gaseous precursor is 
activated to become a gas at about 37 °C or below. The gaseous precursor may be m Uquid 
or gaseous phase for use in the methods of the present invention. 

The methods of preparing the gaseous precursor filled vesicles may be 
carried out below the boiling point of the gaseous precursor such that a liquid is 
incorporated, for example, into a vesicle. In addition, the methods may be conducted at the 
boiling point of the gaseous precursor, such that a gas is incorporated, for example, into a 
vesicle. For gaseous precursors having low temperature boiling points, Uquid precursors 
may be emulsified using a microfluidizer device chilled to a low temperature. The boiling 
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points may also be depressed using solvraits in liquid media to utilize a precursor in liquid 
fonn. Further, the methods may be performed where tiie temperature is increased 
throughout the process, whereby the process starts with a gaseous precursor as a liquid and 
ends with a gas. 

The gaseous precursor may be selected so as to form the gas in situ in the 
targeted tissue or fluid, in vivo upon entering the patient or animal, prior to use, during 
storage, or during manufacture. The metiiods of producing the temperature-activated 
gaseous precursor fiUed vesicles may be carried out at a temperature below the boiling 
point of the gaseous precursor. In this embodiment, the gaseous precursor is entrapped 
within a vesicle such that the phase transition does not occur during manufacture. Instead, 
the gaseous precursor filled vesicles are manufactured in the Uquid phase of the gaseous 
precursor. Activation of the phase transition may take place at any time as the temperature 
is allowed to exceed the boiling point of the precursor. Also, knowing the amount of liquid 
in a droplet of liquid gaseous precursor, tiie size of tiie vesicles upon attaining the gaseous 
state may be determined. 

Alternatively, tiie gaseous precursors may be utilized to create stable gas 
filled vesicles which are pre-fonned prior to use. In this embodimoit, the gaseous 
precursor is added to a container housing a lipid composition at a temperature below the 
liquid-gaseous phase transition temperature of the respective gaseous precursor. As the 
temperature is increased, and an emulsion is formed between the gaseous precursor and 
liquid solution, the gaseous precursor undergoes transition fi"om the liquid to the gaseous 
state. As a result of this heating and gas formation, the gas displaces the air in the head 
space above the liquid mixture so as to form gas filled vesicles which entrap the gas of the 
gaseous precursor, ambient gas (e.g. air), or coentrap gas state gaseous precursor and 
ambient air. This phase transition can be used for optimal mixing and formation of the 
contrast agent. For example, the gaseous precursor, perfluorobutane, can be entrapped in 
the lipid vesicles and as the temperature is raised beyond the boiling point of 
perfluorobutane (4°C), perfluorobutane gas is entrapped in the vesicles. 

Accordingly, the gaseous precursors may be selected to form gas filled 
vesicles in vivo or may be designed to produce the gas fiUed vesicles in situ^ during the 
manufacturing process, on storage, or at some time prior to use. A water bath, sonicator or 
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hydrodynamic activation by pulling back the plunger of a syringe against a closed stopcock 
may be used to activate targeted gas-fiUed vesicles from temperative-sensitive gaseous 
precursors prior to I.V. injection. 

As a further embodiment of this invention, by pre-forming the gaseous 
precursor in the liquid state into an aqueous emulsion, the maximum size of the vesicle 
may be estimated by using the ideal gas law, once the transition to the gaseous state is 
efiTectuated. For the purpose of making gas filled vesicles fix>m gaseous precursors, tiie gas 
phase is assumed to form instantaneously and substantially no gas in flie newly formed 
vesicle has been depleted due to difiusion into tiie liquid, which is generally aqueous in 
nature. Hence, from a known liquid volume in flie pulsion, one would be able to predict 
an upper limit to the size of the gas filled vesicle. 

In CTibodiments of the present invention, a mixture of a lipid compound 
and a gaseous precursor, containing liquid droplets of defined size, may be formulated such 
that upon reaching a specific temperature, for example, the boiling point of the gaseous 
precursor, the droplets will expand into gas filled vesicles of defined size. The defined size 
represents an upper limit to the actual size because the ideal gas law caimot account for 
such factors as gas diffusion intosolution, loss of gas to the atmosphere, and the effects of 
increased pressure. 

The ideal gas law, which can be used for calculating the increase in the 
volume of the gas bubbles upon transitioning from liquid to gaseous states, is as follows: 

PV = nRT 

where 

P is pressure in atmospheres (atm); 
V is volume in liters (L); 
n is moles of gas; 

T is temperature m degrees Kelvin (K); and 

R is the ideal gas constant (22.4 L-atm/K-mole). 
With knowledge of volume, density, and temperature of the liquid in the mixture of 
liquids, the amoimt, for example, in moles, and volume of liquid precursor may be 
calculated which, when converted to a gas, will expand into a vesicle of known volume. 
The calculated volume will reflect an upper limit to the size of the gas filled vesicle, 
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assuming instantaneous expansion into a gas fiUed vesicle and negUgible difiusion of the 
gas over the time of the expansion. 

Thus, for stabilization of the precursor in the Uquid state in a mixture 
wherein the precursor droplet is spherical, the volume of the precursor droplet may be 
determined by the equadon: 

Volume (spherical vesicle) = 4/3 ict^ 

where 

r is the radius of the sphere. 
Thus, once the volume is predicted, and knowing the density of the Uquid at the desired 
temperature, the amount of Uquid gaseous precursor in the droplet may be determined. In 
more descriptive terms, the following can be appUed: 

Vg,3 = 4/3Jc(rg^ 

by the ideal gas law, 
substituting reveals. 



PV=nRT 



Vg.3 = nRT/Pg« 

or, 

(A) n = 4/3[7trg„3]P/RT 
amount n = 4/3 [Tirg,^' P/RT]«MW„ 
Converting back to a Uquid volume 

(B) V„q = [4/3 [nc^'] P/RT]*MW^] 
where D is the daisity of the preciarsor. 
Solving for the diameter of the Uquid droplet, 

(C) diameter/2 = [3/471 [AmiagJ] P/RT] MW^]' 

which reduces to 

Diameter = 2\it^^] P/RT [MW^]]' 

As a further means of preparing vesicles ofthe desired size for use in the 
methods of the present invention, and with a knowledge of the volume and especially the 
radius of the Uquid droplets, one can use appropriately sized filters to size tiie gaseous 
precursor droplets to the £^ropriate diameter sphere. 
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A representative gaseous precursor, may be used to form a vesicle of defined 
size, for example, 10 urn diameter. In this example, the vesicle is formed in the 
bloodstream of a human being, thus the typical tanperature would be 37°C or 
3 10 K. At a pressure of 1 atmosphere and using the equation in (A), 7.54 x 10"" moles of 
gaseous precursor would be required to fill the volume of a 10 jmi diameter vesicle. 

Using the above calculated amount of gaseous precursor and 
1-fluorobutane, which possesses amolecularweight of 76.11, a boiling point of 32.5''C 
and a density of 0.7789 g/mL at 20°C, further calculations predict that 
5.74 X 10" grams of this precursor would be required for a 10 fim vesicle. Extr^olatmg 
further, and with the knowledge of the density, equation (B) further predicts that 8.47 x lO" 
" mL of liqviid precursor is necessary to form a vesicle with an upper limit of 10 fim. 

Finally, using equation (C), a mixture, for example, an emulsion containing 

droplets with a radius of 0.0272 jim or a corresponding diameter of 

0.0544 Jim, is formed to make a gaseous precursor filled vesicle with an upper limit of a 10 

^m vesicle. 

An emulsion of this particular size could be easily achieved by the use of an 
appropriately sized filter. In addition, as seen by the size of the filter necessary to form 
gaseous precursor droplets of defined size, the size of the filter would also suffice to 
remove any possible bacterial contaminants and, hence, can be used as a sterile filtration as 
well. 

This embodiment for preparing gas filled vesicles may be applied to all 
gaseous precursors activated by temperature. In fact, depression of the fireezing point of 
the solvent system allows the use of gaseous precursors which would undergo liquid-to-gas 
phase transitions at temperatures below 0*C. The solvent system can be selected to 
provide a medium for suspension of the gaseous precursor. For example, 20% propylene 
glycol miscible in buffered saline exhibits a freezing point depression well below the 
freezing point of water alone. By increasing the amount of propylene glycol or adding 
materials such as sodium chloride, tiie freezing point can be depressed even further. 

The selection of appropriate solvent systems may be determined by 
physical methods as well. When substances, soUd or liquid, herein referred to as solutes, 
are dissolved in a solvent, such as water based bufEras, the freezing point is lowered by an 
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amount that is dq)endesnt upon the conqwsition of the solution. Thus, as defined by Wall, 
one can express the freezing point depression of the solvent by the following equation: 
Inx. = In (1 - Xb) = AHfi^l/T„ - 1 AT) 

where 

Xa is the mole fiaction of the solvrait; 

Xb is the mole fraction of the solute; 

AHto is the heat of fusion of the solvent; and 

To is the normal freezing point of the solvent. 
The normal freezing point of the solvent can be obtained by solving the equation. If x^ is 
small relative to Xa, then the above equation may be rewritten as follows. 

x** = AH(JR[T - T/ToT] « AHfi^T/RTo^ 
The above equation assumes the change in temperature AT is small compared to Tj. This 
equation can be simplified further by expressing the concentration of the solute m terms of 
molality, m (moles of solute per thousand grams of solvent). Thus, the equation can be 
rewritten as follows. 

Xb=m/[m+1000/mJ « mMa/1000 
where Ma is the molecular weight of the solvent. 

Thus, substituting for the fraction Xb*. 
AT = PslaRT„VlOOOAHte]m 

or 

AT = where 
Kf=MJRToVlOOOAHfi« 

Kf is the molal freezing point and is equal to 1.86 degrees per unit of molal concentration 
for water at one atmosphere pressure. The above equation may be used to accurately 
determine the molal freezing point of solutions of gaseous-precursor filled vesicles. 
Accordingly, the above equation can be applied to estimate freezing point depressions and 
to determine the appropriate concentrations of liquid or solid solute necessary to depress 
the solvent freezing temperature to an appropriate value. 

Methods of preparing the temperature activated gaseous precursor filled 

vesicles include: 
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(a) vortradng and/or shaking an aqueous mixture of gaseous precursor and 
additional materials as desired, including, for example, stabilizing materials, thickening 
agents and/or dispersing agents. Optional variations of tins metiiod include autoclaving 
before vortexing or shaking; heating an aqueous mixture of gaseous precursor; venting the 
vessel containing the mixtuie/suspensiom shaking or permitting tiie gaseous precursor 
filled vesicle to form spontaneously and cooling down tiie suspension of gaseous precursor 
filled vesicles; and extruding an aqueous suspension of gaseous precursor through a filter 
of about 0.22 nm. Alternatively, filtering may be performed during in vivo administration 
of the vesicles such tiiat a filter of about 0.22 (un is employed; 

(b) microemulsification whereby an aqueous mixture of gaseous precursor 
is emulsified by a^tation and heated to form, for example, vesicles prior to administration 
to a patient; 

(c) heating a gaseous precursor in a mixture, with or without agitation, 
whereby tiie less dense gaseous precursor fiUed vesicles float to tiie top of tiie solution by 
expanding and displacing otiier vesicles in tiie vessel and venting the vessel to release air; 
and 

(d) utilizing in any of the above metiiods a sealed vessel to hold tiie aqueous 
suspension of gaseous precursor and maintaining tiie suspension at a temperature below tiie 
phase transition temperature of flie gaseous precursor, followed by autoclaving to raise tiie 
temperature above tiie phase transition temperature, optionally witii shaking, or permitting 
the gaseous precursor vesicle to form spontaneously, whereby tiie expanded gaseous 
precursor in tiie sealed vessel increases tiie pressure in flie vessel, and coohng down tiie gas 
filled vesicle suspension, after which shaking may also take place. 

Freeze drying is usefiil to remove water and organic materials prior to the 
shaking installation method. Drying installation metiiods may be used to remove water 
firom vesicles. By pre-entrapping tiie gaseous precursor in tiie dried vesicles (i.e. prior to 
drying) after wanning, the gaseous precursor may expand to fill the vesicle. Gaseous 
precursors can also be used to fill dried vesicles after tiiey have been subjected to vacuum. 
As flie dried vesicles are kept at a temperature below tiieir gel state to Uquid crystalUne 
temperature, tiie drying chamber can be slowly filled witii tiie gaseous precursor in its 
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gaseous state. For racample, perfluorobutane can be used to fill dried vesicles at 
tempCTatures above 4°C (the boiling point of perfluorobutane). 

Preferred methods for preparing the temperature activated gaseous 
precursor filled vesicles comprise shaking an aqueous solution having a Upid compound in 
the presence of a gaseous precursor at a temperature below the Uquid state to gas state 
phase transition temperature of the gaseous precursor. This is preferably conducted at a 
temperature below the gel state to Uquid crystalline state phase transition temperature of 
the Upid. The mixture is then heated to a temperature above the Uquid state to gas state 
phase transition temperature of the gaseous precursor which causes the precursor to 
volatiUze and expand. Heating is then discontinued, and the temperature of the mixture is 
then allowed' to drop below the Uquid state to gas state phase transition temperature of the 
gaseous precursor. Shaking of the mixture may take place during the heating step, or 
subsequently after the mixture is allowed to cool. 

Other methods for preparing gaseous precursor fiUed vesicles can involve 
shaking an aqueous solution o^ for example, a Upid and a gaseous precursor, and 
separating the resulting gaseous precursor fiUed vesicles. 

Conventional, aqueous-filled Uposomes of the prior art are routinely formed 
at a temperature above the phase transition temperature of the Upids used to make them, 
since they are more flexible and thus useful in biological systems in the Uquid crystalUne 
state. See, for example, Szoka and Papahadjopoulos, Proc. Natl. Acad. Sci. 1978, 75, 
4194-4198. In contrast, the vesicles made according to certain preferred embodiments 
described herein are gaseous precursor fiUed, which imparts greater flexibiUty, since 
gaseous precursors after gas formation are more compressible and compUant than an 
aqueous solution. 

The methods contemplated by the present mvention provide for shaking an 
aqueous solution comprising a Upid, in the presence of a temperature activatable gaseous 
precursor. Preferably, the shakmg is of sufficient force such that a foam is formed within a 
short period of time, such as about 30 minutes, and preferably within about 20 minutes, 
and more preferably, within about 10 minutes. The shakmg may involve 
microemulsifying, microfluidizing, swirUng (such as by vortexing), side-to-side, or up and 
down motion. In the case of the addition of gaseous precursor in the Uquid state. 
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sonication may be used in addition to the shaking methods set forth above. Furflier, 
different types of motion may be combined. Also, tiie shaking may occur by shaking the 
container holding the aqueous lipid solution, or by shaking the aqueous solution within the 
container without shaking the container itself Further, the shaking may occur manually or 
by machine. Mechanical shakers that may be used include, for example, the mechanical 
shakers described hereinbefore, with an Espe C^mix (Seefeld, Oberay Germany) bemg 
preferred. Another means for producing shaking includes the action of gaseous precursor 
emitted under high velocity or pressure. 

According to the methods described herein, a gas, such as air, may also be 
provided by the local ambient atmosphere. The local ambient atmosphere can include the 
atmosphere within a sealed container, as well as the extemal environment. Altematively, 
for example, a gas may be injected into or otherwise added to the container having the 
aqueous lipid solution or into the aqueous Upid solution itself to provide a gas other than 
air. Gases that are lighter than air are generally added to a sealed container, while gases 
heaviCT than air can be added to a sealed or an unsealed contamer. Accordingly, the 
present invention includes co-entrapment of air and/or other gases along with gaseous 
precursors. 

Hence, the gaseous precursor filled vesicles can be used in substantially the 
same manner as the gas filled vesicles described herein, once activated by appUcation to 
the tissues of a host, where such factors as temperature or pH may be used to cause 
generation of the gas. It is preferred that the gaseous precursors undergo phase transitions 
firom liquid to gaseous states at near die normal body temperature of the host, and are 
thereby activated, for example, by the in vivo temperature of the host so as to undergo 
transition to the gaseous phase therein. Alternating, activation prior to I.V. injection may 
be used, for example, by theraial, mechanical or optical means. This activation can occur 
where, for example, the host tissue is human tissue having a normal temperature of about 
ST'C and the gaseous precursors undergo phase transitions firom Uquid to gaseous states 
near 37 °C. 

As noted above, the Upid and/or vesicle compositions may be sterilized by 
autoclave or sterile filtration if these processes are performed before the installation step or 
prior to temperature mediated conversion of the temperature sensitive gaseous precursors 
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witbin the compositions. Alternatively, one or more anti-bactericidal agents and/or 
preservatives may be included in the formulation of tiie compositions, such as sodium 
benzoate, quatemaiy ammonium salts, sodium azide, methyl paraben, propyl paraben, 
soibic acid, ascoibylpahnitate, butylated hydroxyanisole, butylated hydroxytoluene, 
chlorobutanol, dehydroacetic acid, ethylenediamine, monothioglycerol, potassium 
benzoate, potassium metabisulfite, potassium soibate, sodium bisulfite, sulfiir dioxide, and 
organic mercurial salts. Such sterilization, which may also be achieved by other 
conventional means, such as by irradiation, will be necessary where the stabilized vesicles 
are used for imaging under invasive circumstances, e.g., intravascularly or intraperitonealy. 
The appropriate means of sterilization will be apparent to the artisan based on the present 
disclosure. 

Vesicle compositions which comprise vesicles formulated from polymers 
may be prepared by various processes, as will be readily parent to those skilled in tiie art, 
once armed with tiie present disclosure. Exemplary processes include, for example, 
interfacial polymerization, phase separation and coacervation, multiorifice centifugal 
preparation, and solvent evaporation. Suitable procedures which may be employed or 
modified in accordance witii the present disclosure to prepare vesicles from polymers 
include those procedures disclosed in Gamer et al., U.S. Patent No. 4,179,546, Gamer, 
U.S. Patent No. 3,945,956, Cohrs et al., U.S. Patent No. 4,108,806, Japan Kokai Tokkyo 
Koho 62 286534, British Patent No. 1,044,680, Kenaga et al., U.S. Patent No. 3,293,1 14, 
Morehouse et al., U.S. Patent No. 3,401,475, Walters, U.S. Patent No. 3,479,811, Walters 
et al., U.S. Patent No. 3,488,714, Morehouse et al., U.S. Patent No. 3,615,972, Baker et al., 
U.S. Patent No. 4.549.892, Sands et al., U.S. Patent No. 4,540,629, Sands et al., U.S. 
Patent No. 4,421,562, Sands, U.S. Patent No. 4,420,442, Mathiowitz et al., U.S. Patent No. 
4,898,734, Lencki et al., U.S. Patent No. 4,822,534, Herbig et al., U.S. Patent No. 
3,732,172, Himmel et al., U.S. Patent No. 3,594,326, SommerviUe et al., U.S. Patent No. 
3,015,128, -Deasy, Microencapsulation and Related Drug Processes, Vol. 20, Chs. 9 and 
10, pp. 195-240 (Marcel Dekker, Inc., N.Y., 1984), Chang et al., Canadian J. of 
Physiology and Pharmacology,yol44,pp. 115-129 (1966), and Chang, 5c/ence, Vol. 146, 
pp. 524-525 (1964), the disclosures of each of which are incorporated herein by reference 
in their entirety. 
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In accordance witii a preferred synthesis protocol, the vesicles may be 
prepared using a heat expansion process, such as, for example, the process described m 
Gamer et al., U.S. Patent No. 4,179,546, Gamer, U.S. Patent No. 3,945,956, Cohrs et al., 
U.S. Patent No. 4,108,806, British Patent No. 1,044,680, and Japan Kokai Tokkyo Koho 
62 286534. In general terms, the heat expansion process may be carried out by preparing 
vesicles of an expandable polymer or copolymer \s*ich may contain in their void (cavity) a 
volatile Uquid (gaseous precursor). The vesicle is then heated, plastidsing the vesicle and 
converting the volatile Uquid into a gas, causing the vesicle to expand to up to about 
several times its origmal size. When the heat is removed, the thermoplastic polymer 
retains at least some of its expanded shape. Vesicles produced by this process tend to be of 
particularly low density, and are thus preferred. The foregoing described process is well 
known in the art, and may be referred to as the heat expansion process for preparing low 
density vesicles. 

Polymers useful in tiie heat ejqpansion process will be readily apparent to 
those skilled in the art and include theraioplastic polymers or copolymers, including 
polymers or copolymers of many of the monomers described above. Preferable of tiie 
polymers and copolymers described above include the following copolymers: 
polyvinyUdene-polyacrylonitrile,polyvinyUdene-polyacrylonitrile-polymethyl- 

methacrylate, and polystyrene-polyacrylonitrile. A most preferred copolymer is 
polyvinylidene-polyacrylonitrile. 

Volatile liquids useM in the heat expansion process will also be well 
known to those skilled in the art and include: aliphatic hydrocarbons such as ethane, 
ethylene, propane, propene, butane, isobutane, neopentane, acetylene, hexane, heptane; 
chlorofluorocarbons such as CCI3F. CCI2F3, CCIFa, CClFj-CCljF^, chlorohe?)tafluoro- 
cyclobutane, and 1,2-dichlorohexafluorocyclobutane; tetraalkyl silanes, such as tetramethyl 
silane, trimethylethyl silane, trimethyUsopropyl silane, and trimethyl n-propyl silane; as 
well as perfluorocarbons, including the perfluorocariions described above. In general, it is 
important that the volatile Uquid not be a solvent for the polymer or copolymer being 
utiUzed. It is also preferred that flie volatile Uquid have a boiUng point that is below fhe 
softenmg point of the involved polymer or co-polymer. BoiUng points of various volatile 
Uquids and softening pomts of various polymers and copolymras wiU be readily 
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ascertainable to one skilled in the art, and suitable combinations of polymers or 
copolymers and volatile liquids will be easily apparent to the skilled artisan. By way of 
guidance, and as one skilled in tiie art would recognize, generally as the length of the 
carbon chain of the volatile Uquid increases, the boiling point of that Uquid increases also. 
Also, mildly preheating the vesicles in water in the presence of hydrogen peroTcide prior to 
definitive heating and e}q)ansion may pre-soften the vesicle to allow e3q)ansion to occur 
more readily. 

For example, to produce vesicles Scorn synthetic polymers, vinylidene and 
acrylonitrile may be copolymerized in a medium of isobutane liquid using one or more of 
the foregoing modified or umnodified literature procedures, such that isobutane becomes 
entrapped within the vesicles. When such vesicles are then heated to a temperature of firom 
about SO^C to about 120°C, the isobutane gas expands, which in turn expands the vesicles. 
After heat is removed, the expanded polyvinylidene and acrylo-nitrile copolymer vesicles 
remain substantially fixed in their expanded position. The resulting low density vesicles 
are extremely stable both dry and suspended in an aqueous media. Isobutane is utilized 
herein merely as an illustrative liquid, with the understanding that other liquids which 
undergo liquid/gas transitions at temperatures usefiil for the synthesis of these vesicles and 
formation of the very low density vesicles upon heating can be substituted for isobutane. 
Similarly, monomers other than vinylidene and acrylonitrile may be employed in preparing 
the vesicles. 

In certain preferred embodiments, the vesicles which are formulated firom 
synthetic polymers and which may be employed in the methods of the present invention 
are commercially available &om Expancel, Nobel Industries (SundsvaU, Sweden), 
including EXPANCEL 551 DE™ microspheres. The EXPANCEL 551 DE™ 
microspheres are composed of a copolymer of vinylidene and aaylonitrile which have 
encapsulated therein isobutane liquid. Such microspheres are sold as a dry composition 
and are approximately 50 microns in size. The EXPANCEL 55 1 DE™ microspheres have 
a specific gravity of only 0.02 to 0.05, which is between one-fiftieth and one-twentieth the 
density of water. 

In any of the techniques described above for the preparation of polymer- 
based vesicles, the targeting ligands may be incorporated with the polymers before, during 
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or after formation of the vesicles, as would be ^parent to one of oidinaiy skiU in the art, 
once armed with the present disclosure. 

As with the preparation of lipid and'or vesicle compositions, a wide variety 
of techniques are available for the preparation of Upid formulations. For example, the Upid 
and/or vesicle formulations may be prepared from a mixture of Upid compounds, bioactive 
agent and gas or gaseous precursor. In this case, lipid compositions are prepared as 
described above in vvidch the compositions also comprise bioactive agent Thus, for 
example, micelles can be prepared in the presence of a bioactive agent In connection with 
Upid compositions which comprise a gas, the preparation can involve, for exanq)le, 
bubbling a gas diiectly into a mixture of the Upid compounds and one or more additional 
materials. Alternatively, the Upid compositions may be preformed from Upid compounds 
and gas or gaseous precursor. In the latter case, the bioactive agent is then added to the 
Upid composition prior to use. For example, an aqueous mixture of Uposomes and gas may 
be prepared to which thf bioactive agent is added and which is agitated to provide the 
Uposome formulation. The Uposome formulation can be readily isolated since the gas 
and/or bioactive agent filled Uposome vesicles generaUy float to the top of the aqueous 
solution. Excess bioactive agent can be recovered from the remaining aqueous solution. 

As those skiUed in the art will recognize, any of the Upid and/or vesicle 
compositions and/or Upid and/or vesicle formulations may be lyophilized for storage, and 
reconstituted, for example, with an aqueous medium (such as sterile water, phosphate 
buflEered solution, or aqueous saUne solution), with the aid of vigorous agitation. To 
prevent agglutination or fusion of the Upids and/or vesicles as a result of lyophiUzation, it 
may be useful to include additives which prevent such fusion or agglutination from 
occurring. Additives which may be useful include sorbitol, mannitol, sodium chloride, 
glucose, trehalose, polyvinylpyiroUdone and poly(ethylene glycol) (PEG), for example, 
PEG 400. These and other additives are described in the Uterature, such as in the U.S. 
Pharmacopeia, USP XXII, NF XVH, The United States Pharmacopeia, The National 
Fonnulary, United States Pharmacopeial Convention Inc., 12601 Twinbrook Parkway, 
Rockville, MD 20852, the disclosures of which are hereby incoiporated herein by 
reference in fbsit entirety. LyophiUzed prq>arations generally have the advantage of 
greater shelf life. 



104 



wo 03/061593 



PCTAJS03/02024 



As discussed above, flie compositions of the present invention, including 
gas and/or gaseous precursor filled vesicles, are useful as contrast ag^ts for diagnostic 
imaging, including, for example, ultrasound imaging (US), computed tomography (CT) 
imaging, including CT angiography (CTA) imaging, magnetic resonance (MR) imaging, 
magnetic resonance angiography (MRA), nuclear medicine, optical imaging and 
elastography. 

In accordance with the present invention, tiiere are provided methods of 
imaging one or more regions of a patient The present invention also provides methods for 
diagnosing the presence or absence of diseased tissue in a patient. The methods of the 
present invention involve the administration of a contrast medium, in the form of a lipid 
and/or vesicle composition, to a patient. The patient is scanned using diagnostic imaging 
including, for example ultrasound imaging, to obtain visible images of an internal region of 
a patient. The methods are especially useful in providing images of the heart region, and to 
thereby detect and/or characterize the presence of a vascular plaque. The present metiiods 
can also be used in connection with the delivery of a bioactive agent to an internal region 
of a patient. 

As one skilled in the art would recognize, administration of the lipid and/or 
vesicle compositions of the presort invention can be carried out in various fashions, 
namely, parenterally, orally, or intraperitoneally. Parenteral administration, which is 
preferred, includes administration by the following routes: intravenous; intramuscular; 
interstitially; intra-arterially; intracavitary; subcutaneous; intraocular; intrasynovial; 
transepitheUal, including transdermal; pulmonary via inhalation; ophthahnic; sublingual 
and buccal; topically, including ophthahnic; dermal; ocular; rectal; and nasal inhalation via 
insufOation. Intravenous administration is preferred among the routes of parenteral 
administration. The useful dosage to be administered and tiie particular mode of 
administration will vary depending upon the age, weight and the particular mammal and 
region thereof to be scanned, and the particular contrast agent employed. Typically, 
dosage is initiated at lower levels and increased until the desired contrast enhancement is 
achieved. Various combinations of the lipid compositions may be used to alter properties 
as desired, including viscosity, osmolarity or palatabiUty. In carrying out the imaging 
me&ods of the present invention, the contrast medium can be used alone, or in 
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combination with diagnostic, therq)eutic or oto agents. Such other agents include 
excipients such as flavoring or coloring materials, CT imaging techniques which are 
employed are conventional and are described, for example, in Computed Body 
Tomography, Lee, J.K.T., Sagel, S.S., and Stanley, R.J., eds., 1983, Ravens Press, New 
York, N.Y., especially tiie fiirst two ch8?)ters thereof entitled "Physical Principles and 
Instrumentation", Ter-Pogossian, M.M., and "Techniques", Aronberg, DJ.. the disclosures 
of which are incorporated by reference herein in their entirety. 

In the case of diagnostic applications, ultrasonic energy is applied to at least 
a portion of tiie patient to image the target tissue. A visible image of an mtemal region of 
the patient is then obtained, such that the presence or absence of diseased tissue can be 
ascertained. With respect to ulti^ound, ultrasonic imaging techniques, including second 
harmonic imaging, and gated imaging, are well known in the art, and are described, for 
example, in Uhlendorf, "Physics of Ulhasound Contrast Imaging: Scattering in tiie Linear 
Range", IEEE Transactions on Ultrasonics, Ferroelectrics. and Frequency Control, Vol. 
14(1), pp. 70-79 (1994) and Sutherland, et al, "Color Doppler Myocardial Imaging: A 
New Technique for the Assessment of Myocardial Function", Journal of the American 
Society of Echocardiography, Vol. 7(5), pp. 441-458 (1994), tiie disclosures of which are 
hereby incorporated herein by reference in their entirety. The ultiasound may be 
performed using conventional probes, e.g. transcutaneous, extra-corporeal ultrasound or 
using catheter mounted transducers, e.g. from an intra-arterial approach. The frequency of 
tiie ultrasound may range from about 20 KiloHertz to about 100 megaHertz (and all 
combinations and subcombinations of ranges and specific values therein), but more 
preferably will vary from about 500 kiloHertz to about 30 MegaHertz, and even more 
preferably from about 1 MegaHertz to up to about 20 MegaHertz. Gray scale, color 
Doppler, Power Doppler, pulse inversion Doppler and otiier ultirasound techniques may be 
employed. In general, the contrast agent will enhance visibihty of plaques that are 
diseased and active, particularly tiiose in which inflammatory cells are active. 

Ultrasound can be used for both diagnostic and therapeutic purposes. In 
diagnostic ult^und, ultoasound waves or a train of pulses of ultrasound may be appUed 
witii a transducer. The ultrasound is generally pulsed ratiier tiian continuous, altiiough it 
may be continuous, if desired. Thus, diagnostic ultrasound generally involves the 
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appUcation of a pulse of echoes, after which, during a listening period, the ultrasound 
transducer receives reflected signals. Harmonics, ultrahannonics or subhannonics may be 
used. The second harmonic mode may be baaeficially employed, in which the 2x 
ftequency is received, where x is the incidental frequency. This may serve to decrease the 
signal from the background material and enhance the signal from the transducer using the 
targeted contrast media of the present invention which may be targeted to the desued site, 
for example, blood clots. CMher hamionics signals, such as odd harmonics signals, for 
example, 3x or 5x, would be sunilarly received using this method. Subharmonic signals, 
for example, x/2 and x/3, may also be received and processed so as to form an unage. 

A novel and particularly advantageous feature afforded witii the present 
invention is the use of ultrasound technology not only for the detection of vascular plaques, 
but for the treatment of plaques as well. For example, in embodiments involving gas filled 
vesicles, the ultrasound energy may be anq)lified and concentrated in the plaque. This 
ampUfication and concentration of ultrasound energy may be used to dissolve the plaque. 
Generally speaking, this may be accomplished by applying pulses of ultrasound energy at 
the appropriate energy and frequency. 

In addition to the pulsed method, continuous wave ultrasound, for example,. 
Power Doppler, may be appUed. This may be particularly useful where rigid vesicles, for 
example, vesicles formulated from polymethyl methacrylate, are employed. In this case, 
the relatively higher energy of the Power Doppler may be made to resonate the vesicles 
and thereby promote their rupture. This can create acoustic emissions which may be in tiie 
subharmonic or ultraharmonic range or, in some cases, in the same frequency as the 
appUed ultrasound. It is contemplated that there will be a spectrum of acoustic signatures 
released in this process and the transducer so employed may receive the acoustic emissions 
to detect, for example, the presence of a clot. In addition, the process of vesicle rupture 
may be employed to transfer kinetic energy to the surface, for example of a plaque to 
promote dissolution of the plaque and/or to release a bioactive agent, particularly a statin. 
Thus, therapeutic treatmait may be achieved during a combination of diagnostic and 
therapeutic idtrasound. Spectral Doppler may also be employed. In general, the levels of 
energy from diagnostic ultrasound are insufficient to promote the rupture of vesicles and to 
facihtate release and cellular uptake of the bioactive agents. As noted above, diagnostic 
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ultrasound may involve the appUcation of one or more pulses of sound. Pauses between 
pulses permits the reflected sonic signals to be received and analyzed. The limited number 
of pulses used in diagnostic ultrasound limits the effective energy which is deUvered to the 

tissue that is being studied. 

Higher energy ultrasound, for example, ultrasound which is generated by 
therapeutic ultrasound equipment, is generally capable of causing mpture of the vesicle 
species. In general, devices for therapeutic ultrasound employ from about 10 to about 
100% duty cycles, depending on the area of tissue to be treated with the ultrasound. Areas 
of the body which are generally characterized by larger amounts of muscle mass, for 
example, backs and thighs, as weU as highly vascularized tissues, such as heart tissue, may 
require a larger duty cycle, for example, up to about 100%. 

In therapeutic vdtrasoimd, continuous wave ultrasound is used to deliver 
higher energy levels. For the rupture of vesicles, continuous wave ultrasound is preferred, 
although flie sound energy may be pulsed also. If pulsed sound energy is used, the sound 
will generally be pulsed in echo train lengths of from about 8 to about 20 or more pulses at 
a time. Preferably, the echo train lengths are about 20 pulses at a time. In addition, the 
frequency of the sound used may vary from about 0.025 to about 100 megahertz (MHz). In 
general, frequency for therapeutic ultrasound preferably ranges between about 0.75 and 
about 3 MHz, with from about 1 and about 2 MHz being more preferred. In addition, 
energy levels may vary from about 0.5 Watt (W) per square centimeter (cm^) to about 5.0 
W/cm^ with energy levels of from about 0.5 to about 2.5 W/cm^ being preferred. Energy 
levels for therapeutic ultrasound involving hyperthermia are generally from about 5 W/cm^ 
to about 50 W/cm^. For very small vesicles, for example, vesicles having a diameter of 
less than about 0.5 jmi, higher frequencies of sound are generally preferred. This is 
because smaller vesicles are capable of absorbing sonic energy more effectively at higjier 
frequencies of sound. When very high frequencies are used, for exanq)le, greater than 
about 10 MHz, the sonic energy will generally penetrate fluids and tissues to a limited 
depth only. Thus, external appUcation of the sonic energy may be suitable for skin and 
other s»q)erficial tissues. However, it is generaUy necessary for deep stmctures to focus the 
ultrasonic energy so that it is preferentially directed within a focal zone. Alternatively, the 
ultrasonic energy may be appUed via interstitial probes, intravascular ultrasound catheters 
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or endolvuninal catheters. Such probes or catheters may be used, for example, in the 
esophagus for the diagnosis and/or treatment of esophageal carcmoma. In addition to the 
ther^eutic uses discussed above, the present compositions can be employed in connection 
with esophageal carcinoma or in the coronary arteries for the treatment of atherosclerosis, 
as well as the ther^eutic uses described, for example, in U.S. Patent No. 5, 149,3 19, the 
disclosures of which are hereby incorporated herein by reference, in their entirety. 

A thera?)eutic ultrasound device may be used which employs two 
frequencies of ultrasound. The first frequency may be x, and the second frequency may be 
2x. In preferred form, the device would be designed such that the focal zones of the first 
and second frequencies converge to a single focal zone. The focal zone of the device may 
then be directed to the targeted compositions, for example, targeted vesicle compositions, 
within the targeted tissue. This ultrasound device may provide second harmonic therapy 
with simultaneous application of the x and 2x frequencies of ultrasound energy. It is 
contemplated that, m the case of ultrasound involving vesicles, this second harmonic 
ther^y may provide improved rupturing of vesicles as compared to ultrasound energy 
involving a single frequency. Also, it is contemplated that the preferred frequency range 
may reside within the fundamental harmonic fi^quencies of the vesicles. Lower energy 
may also be used with this device. An ultrasound device which may be employed in 
connection with the aforementioned second harmonic therapy is described, for example, in 
Kawabata, K. et al.. Ultrasonics Sonochemistry, Vol. 3. pp. 1-5 (1996), the disclosures of 
which are hereby incorporated herein by reference, in their entirety. 

For use witii laser light, or other appropriate light source, and employing 
photosenstizing agents, the methods and compositions of the present invention may also be 
used to perform photoablative therapy of tiie plaques. 

The concentration of Upid required to form a desired stabilized vesicle level 
will vary depending upon the type of lipid used, and may be readily determmed by routine 
experimentation. For example, in preferred embodiments, the concentration of 1,2- 
dipahnitoylphosphatidylcholine (DPPC) used to form stabihzed vesicles according to the 
methods of the present invention is about 0.1 mg/ml to about 30 mg/ml of saline solution, 
more preferably fi»m about 0.5 mg/ml to about 20 mg/ml of sahne solution, and most 
preferably from about 1 mg/ml to about 10 mg/ml of saline solution. The concentration of 
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distearoylphosphatidylcholine (DSPC) used in preferred embodiments is about 0.1 mg/ml 
to about 30 mg/ml of saline solution, more preferably &om about 0.5 mg/ml to about 20 
mg/ml of saline solution, and most preferably from about 1 mg/ml to about 10 mg/ml of 
saline solution. The araount of composition which is administered to a patient can vary. 
Typically, the IV dose may be less than about 10 mL for a 70 Kg patient, with lower doses 
being preferred. 

In addition to flie methods disclosed above, another embodiment of 
preparing a targeted contrast medium comprises combining at least one biocompatible lipid 
and a gaseous precursor, agitating until gas filled vesicles are formed; adding a targeting 
Ugand to said gas filled vesicles such that the targeting ligand binds to said gas filled 
vesicle by a covalent bond or non-covalent bond; and agitatmg until a contrast agent 
comprising gas filled vesicles and a targeting ligand result. Rather than agitating imtil gas 
filled vesicles are formed before adding the targeting Ugand, the gaseous precursor may 
remain a gaseous precursor until the tune of use. That is, the gaseous precursor is used to 
prepare the contrast medium and the precursor is activated in vivo, by temperature for 
example. 

Altematively, a method of preparing a contrast medixmi may comprise 
combining at least one biocompatible lipid and a targeting ligand such that the targeting 
ligand binds to said lipid by a covalent bond or non-covalent bond, adding a gaseous 
precursor and agitating until a contrast medium comprising gas filled vesicles and a 
targeting ligand result. In addition, the gaseous precursor may be added and remain a 
gaseous precursor until the time of use. That is, the gaseous precursor is used to prepare 
the contrast medium having gaseous precursor filled vesicles and a targeting ligand which 
result for use in vivo. 

Altematively, the gaseous precursors may be utilized to create stable gas 
filled vesicles with targeting ligands which are pre-formed prior to use. In this 
CTnbodiment, the gaseous precursor and targeting ligand are added to a contains housing a 
suspending and/or stabilizing medium at a temperature below the liquid-gaseous phase 
transition temperature of tiie respective gaseous precursor. As the temperature is tiien 
exceeded, and an emulsion is formed between the gaseous precursor and liquid solution, 
the gaseous precursor undergoes transition from the Uquid to flie gaseous state. As a result 
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of this heating and gas fonnation, the gas displaces the air in tiie head space above the 
liquid suspension so as to form gas filled Upid spheres which entrap the gas of the gaseous 
precursor, ambient gas for example, air, or coentrap gas state gaseous precursor and 
ambieat air. This phase transition can be used for optimal mixing and stabilization of the 
contrast medium. For example, the gaseous precursor, perfluorobutane, can be entrapped 
in the biocompatible Upid or other stabilizing compound, and as the temperature is raised, 
beyond 4° C (boiling pomt of perfluorobutane) stabilizing compound entrapped 
fluorobutane gas results. As an additional example, the gaseous precursor fluorobutane, 
can be suspended in an aqueous suspension containing emulsifying and stabilizing agents 
such as glycerol or propylene glycol and vortexed on a commercial vortexer. Vortexing is 
commenced at a temperature low enough that the gaseous precursor is Uquid and is 
continued as the temperature of the sample is raised past the phase transition temperature 
from the Uquid to gaseous state. In so doing, the precursor converts to the gaseous state 
during the microemulsification process. In the presence of the appropriate stabiUzing 
agents, surprisingly stable gas filled vesicles and targeting Ugand result. 

Accordingly, the gaseous precursors may be selected to form a gas fiUed 
vesicle in vivo or may be designed to produce the gas filled vesicle in situ, during the 
manufacturing process, on storage, or at some time prior to use. 

It wiU be understood by one skilled in the art, once armed with the present 
disclosure, that the Upids, proteins, polymers and other stabilizing compounds used as 
starting materials, or the vesicle final products, may be manipulated prior and subsequent 
to being subjected to the methods contemplated by the present invention. For example, the 
StabiUzing compound such as a biocompatible Upid may be hydrated and then lyophiUzed, 
processed through freeze and thaw cycles, or sunply hydrated. In preferred embodiments, 
the Upid is hydrated and then lyophiUzed, or hydrated, then processed through fireeze and 
thaw cycles and then lyophiUzed, prior to the formation of gaseous precursor filled 
vesicles. ' 

According to the methods contemplated by the present invention, tiie 
presence of gas, such as and not Umited to air, may also be provided by the local ambient 
atmosphere. The local ambient atmosphere may be the atmosphere within a sealed 
container, or in an unsealed container, may be the external environment. Alternatively, for 
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example, a gas may be injected into or otherwise added to the container having the aqueous 
Upid solution or into the aqueous Upid solution itself in order to provide a gas other than 
air. Gases that are not heavier than air may be added to a sealed container while gases 
heavier than air may be added to a sealed or an unsealed container. Accordingly, the 
present invention includes co-entr^mient of air and/or otiier gases along with gaseous 
precursors. 

As already described above in die section dealing with the stabilizing 
compound, the preferred methods contemplated by the present invention are carried out at 
a temperature below the gel state to Uquid crystalline state phase transition temperature of 
the Upid employed. By "gel state to Uquid crystalline state phase transition temperature", it 
is meant the temperature at which a Upid bilayer will convert fiom a gel state to a Uquid 
crystaUine state. See, for example, Chapman et al, J. Biol Chem. 1974, 249, 2512-2521. 

H^ce, the stabiUzed vesicle precursors described above, can be used in the 
same manner as the other stabiUzed vesicles used in the present invention, once activated 
by appUcation to the tissues of a host, where such factors as temperature or pH may be 
used to cause generation of the gas. It is preferred that this embodiment is one wherein the 
gaseous precursors undergo phase transitions fix)m Uquid to gaseous states at near the 
normal body temperature of said host, and are thereby activated by the temperature of said 
host tissues so as to undergo transition to the gaseous phase therein. More preferably still, 
this method is one wherein the host tissue is human tissue having a normal temperature of 
about 37 °C, and wherein the gaseous precursors undergo phase transitions from Uquid to 

gaseous states near 37 °C. 

All of the above embodiments involving preparations of the stabilized gas 
filled vesicles used in the present invention, may be steriUzed by autoclave or sterile 
filtration if these processes are performed before either the gas instillation step or prior to 
temperature mediated gas conversion of the temperature sensitive gaseous precursors 
within the suspension. Altematively, one or more anti-bactericidal agents and/or 
preservatives may be included in the formulation of the contrast medium, such as sodium 
benzoate, all quatemary ammonium salts, sodium azide, methyl paraben, propyl paraben, 
sorbic acid, ascoibylpahnitate, butylated hydroxyanisole, butylated hydroxytoluene, 
chlorobutanol, dehydroacetic add, ethylenediamine, monothioglycerol, potassium 
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benzoate, potassium metabisulfite, potassium sorbate, sodium bisulfite, sulfiir dioxide, and 
organic mercurial salts. Such sterilization, which may also be achieved by other 
conventional means, such as by irradiation, will be necessary where the stabilized 
microspheres are used for imaging under invasive circumstances, for example, 
intravascularly or intiaperitoneally. The appropriate means of sterilization will be apparent 
to the artisan instracted by the present description of the stabilized gas filled vesicles and 
their use. The contrast medium is generally stored as an aqueous suspension but in the 
case of dried vesicles or dried lipidic spheres the contrast medium may be stored as a dried 
powder ready to be reconstituted prior to use. 

The novel compositions of the present invention, and especially the vesicle 
compositions, are usefiil as contrast media in diagnostic imaging, and are also suitable for 
use in all areas where diagnostic imaging is employed. However, the stabilized vesicles 
are particularly usefiil for perfiision imaging. 

Diagnostic imaging is a means to visualize internal body regions of a 
patient. Diagnostic imaging includes, for example, ultrasound (US), magnetic resonance 
imaging (MRI), nuclear magnetic resonance (NMR), computed tomogr^hy (CT), electron 
spin resonance (ESR); nuclear medicine when the contrast medium includes radioactive 
material; and optical imaging, particularly with a fluorescent contrast medium. Diagnostic 
imaging also includes promoting the rupture of the vesicles via the methods of the present 
invention. For example, ultrasound may be used to visualize the vesicles and verify the 
localization of the vesicles in certain tissue. In addition, ultrasoimd may be used to 
promote mpture of the vesicles once the vesicles reach the intended target, including tissue 
and/or receptor destination, thus releasing a bioactive agent and/or diagnostic agent 

In accordance with the present invention, there are provided methods of 
imaging a patient generally, and/or in specifically diagnosing the presence of diseased 
tissue in a patient. The imaging process of the present invention may be carried out by 
administering a contrast medium of the invention to a patient, and then scanning the patient 
using, for example, ultrasound, computed tomography, and/or magnetic resonance 
imaging, to obtain visible images of an intemal region of a patient and/or of any diseased 
tissue in that region. By region of a patient, it is meant the whole patirat or a particular 
area or portion of the patient The contrast medium may be particularly usefiil in providing 
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images of tissue, particularly vascular plaques, but can also be ranployed more broadly, 
such as in imaging the vasculature or in other ways as will be readily apparent to those 
skilled in the art; Cardiovascular region, as that phrase is used herein, denotes the region 
of the patient defined by the heart and the vasculature leading directly to and from the 
heart. The phrase vasculature, as used herdn, denotes the blood vessels (arteries, veins, 
etc.) in the body or in an organ or part of the body. The patient can be any type of 
mammal, but most preferably is a human. 

In carrying out the magnetic resonance imaging method of the present 
invention, the contrast medium can be used alone, or in combination with other diagnostic, 
therapeutic or other agents. Such other agents include exdpients such as flavoring or 
coloring materials. The magnetic resonance imaging techniques which are employed are 
conventional and are described, for example, in D.M. Kean and M.A. Smith, Magnetic 
Resonance Imaging: Principles and Applications, (WiUiam and WiUdns, Baltimore 1986). 
Contemplated MRI techniques include, but arc not limited to, nuclear magnetic resonance 
(NMR) and electronic spin resonance (ESR). The preferred imaging modaUty is NMR. 

The invention is further demonstrated in the following examples. Examples 
1 to 3 are actual examples and Examples 4 to 6 are prophetic examples. The examples are 
for purposes of illustration and are not intended to limit the scope of the present invention. 



EXAMPLES 



F.vample 1 

This example is directed to the preparation of targeted gas filled vesicles 
within the scope of the present invention, as well as a comparison of these targeted vesicles 

to vesicles of the prior art. 

A composition of targeted gas filled lipid vesicles, within the scope of the 
present invention (referred to herein as Composition 1 A), was prepared with 95% 
dipahnitoylphosphatidylcholine and 5% dipahnitoylphosphatidylserine. This Upid mixture 
was lyophilized andresuspended in 8:1:1 normal saline:propylene glycoltglycerol at 5 
mg/inl. To this suspension was admixed a 10% of dipahnitoylphosphatidylethanolamine 
labeled with Ussamine rhodamine. The resulting mixture was aUquiatted into 2 mL serum 
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vials and the headspace was replaced with perfluorobutane. As a control, non-targeted 
liposomes (referred to herein as Composition IB) were also prepared from a mixture 
composed of 82% dipahnitoyl phosphatidylcholine, 10% dipahnitoyl phosphatidic acid 
and 8% dipahnitoyl phosphatidylethanolamine-PEGSOOO with the fluorescent label. 

A rabbit model of atherosclerosis was then used in the following 
experiments. Experimental atherosclraotic lesions were produced in 16 New Zealand 
White rabbits by balloon de-endotheliaUzation of the infradiaphragmatic aorta and 
hypa-Upidemic diet for 12 weeks. A control section of aorta was used for comparison. 
The targeted and non-targeted vesicles prepared above were administered by bolus into 
atherosclerotic rabbits. The animals were imaged using a Phillips SONOS 5500 diagnostic 
ultrasound machine 15 minutes after the bolus injection. 

There was marked euhanc^ent of the atherosclerotic region with 
Composition lA, while no improvement was observed with Composition IB. This is 
consistent with the targeted vesicles binding to Ihe phosphatidyl serine receptor on 
entrsq)ped macrophages. Macrophages, however, wrae shown on histological analysis to 
contain more rhodamine in samples treated with Composition IB than with Co^^)osition 
lA. This discrepancy is accounted for by the greater circulatory lifetime of Composition 
IB owing to the PEGylated Upid. The hypothesis was verified when a variant formulation, 
rhodamine-labeled Upid vesicles, containing 20% DPPS, 10% DPPE-PBG5000 and 70% 
DPPC, exhibited uptake in macrophages similar to that of Composition IB. 

Example 2 

The procedure of Example 1 was repeated using a vesicle composition 
composed of 70% DPPC, 20% DPPS and 10% DPPE-PEG5000 doped with DPPE- 
lissamine rhodamine (hereinafter referred to as Composition 2A). Two rabbits, one with a 
large artheroma and the other with several smaller artheromas ware imaged witii 
Composition 2A and Composition IB (control). The rabbits both had significantly greater 
ultrasound contrast enhancement with Composition 2A compared to control, although the 
dififerraice was less marked in tiie animal with the smaller plaques. Upon histopathologic 
analysis, the rhodamine-lissamine labeled vesicles were taken iq) in macrophages in both 
animals. Composition IB was not taken up in either rabbit. 
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Fvam plfe 3 

This example is directed to the preparation of a formulation of acoustically 
active lipospheres and a bioactive agent, within tiie scope of the present invention. 

Paclitaxel (2 g) and soybean oil (3 g) are agitated in a vortex mixer. To this 
mixture was added a lipid blend of 70 mol percent DPPC, 10 mol percent DPPS and 8 mol 
percent DPPE-PEG5000 (Avanti Polar Lipids, Alabaster, AL) The mixture was stirred for 
10 minutes at 50°C, flien transferred to a contains wifli normal saline (200 mL) plus 1% 
Tween-80 and emulsified witii a Microfluidizer (lOX) at 16,000 psi. The material was 
subdivided into 1 .0 ml aliquots in 1 .5 ml vials. The vials were vacuum-evacuated, and the 
headspace was filled with perfluorobutane. The resulting product was a suspension of drug 
in oU filled Upospheres containing about 0.9% paclitaxel by weight. The vials were sealed 
and placed on an Espe Capmix (Hamburg, Germany) and agitated at 2800 rpm for 2 
minutes. The final product can be filtered to eliminate a small subgroup of particles over 
2^m. 

Example 4 

Example was repeated except lhat lovastatm (2.5 g) is substituted for 

pacUtaxel. 
Example 5 

This example is directed to the prq)aration of 1,3 di-(methoxy- 
polyethyleneglycol) n 2-glycerol phosphoserine, which is a PEGylated targeting ligand 
within the scope of the present inventioiL 

Step A: Preparation of l,3-di-(methoxy-polyethyleneglycol)n 2-glycerol 

phosphate. 

2-Phosphoglycerol (Aldrich Chemical, Madison, Wis.) is added to two 
equivalents of tri-butylamine (Aldrich, Madison, Wis.) in dimethylformamide 
(Mallinckrodt, St Louis, Mo.). The dissolved solution is then concentrated in vacuo on a 
rotoev^orator and vacuum pump to yield an oil. The oil is then redissolved in 
dimethylformamide and to this solution is added one equivalent methoxy-PEG3400- 
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CONHS ester (Shearwater Polymers, Huntsville, Ala.). The mixture is stirred overnight. 
The reaction mixture is then concentrated in vacuo followed by dissolution in water. The 
mixture is then added slowly onto a DEAE-Sephadex G-25 anion exchange column 
generated in the HCO3- form. The dilute sample is loaded onto the column followed by 
rinsing of the column with distilled, deionized water. The column is then developed using 
a linear gradient comprising 0.01 M triethylammonium bicarbonate (TEA- HCO3-) in the 
mixing chamber and enriching with 1 .0 M TEA- HCO3- in the reservoir chamber. Samples 
are collected in appropriate-sized aUquots (tubes) and tested with Na-molybdate in dilute 
sulfuric acid; a dilute phosphate indicator. The appropriate fractions, appearing blue upon 
addition of molydate, are then collected and concentrated in vacuo. The product is then 
washed in methanol and reconcentrated in vacuo to yield a white precipitate. The product 
in then dissolved in a minimal amount of methanol followed by the dropwise addition of 
aqueous saturated sodium iodide (Mallinckrodt, St. Louis, Mo.). The precipitate is then 
collected by centrifugation and decanting of the methanol. Washing with methanol 
followed by repeat centrifugation affords the sodium salt of l,3-di-(mettioxy- 
polyethyleneglycol)n 2-glycerol phosphate. 

Step B: Preparation of 1,3 di-(methoxy-polyethyleneglycol) n 2-glycerol 

phosphoserine. 

To the product of Step A is added 2 equivalents of tributylamine in DMF 
followed by concentration in vacuo. The oil (the tributylammonium salt of 1,3 di- 
(methoxy-polyelhyleneglycol) n 2-glycerol phosphate is then dissolved in dry DMF and 
chilled to O'C followed by addition of one equivalent of carbonyldiimidazole (GDI) 
(Aldrich, Milwaukee, Wis.). The solution is allowed to stir for one hour foUowed by the 
dropwise addition of two equivalents Fmoc-serine dissolved in DMF. After addition, the 
solution is allowed to equiUbrate to room temperature and stirring continued for four hours. 
After stirring, 20 volume % (1 ml for every 5 mL of reaction mixture) of piperidine is 
added and the solution is allowed to stir an additional 20 minutes. The mixture is then 
concentrated in vacuo followed by dissolution in water and purification once again by 
anion exchange chromatogr^hy. Purification of the phosphoserine analog is obtained by 
reverse-phase chromatography. 
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Example 6 

This example is directed to the preparation of vesicles including a targeted 
bioconjugate, which is within the scope of the present invention. 

Vesicles targeted for atherosclerotic plaque will be prqpared from a lipid 
blend composed of the Upids employed in Composition 2A from Example 2, except that 
tiie DPPS will be replaced.with tiie final bioconjugate product of Example 5. 

Example 7 

This example is directed to the prqparation of acoustically active 
Upospheres containing the phosphoserine bioconjugates, within the scope of the present 
invention. 

Vesicles targeted for atherosclerotic plaque will be prepared from a lipid 
blend composed of the Upids employed in Example 3, except that the DPPS will be 
replaced with the final bioconjugate product of Example 5. 

The disclosures of each patent, patent J5)plication and publication cited or 
described in this document are hereby incorporated herem by reference, in their entirety. 

Various modifications of the invention, in addition to those described 
herein, will be apparent to those skilled in tiie art from tiie foregoing description. Such 
modifications are also intended to fall within the scope of the appended claims. 
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